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Recent Studies on Corneal Metabolism 
and Growth: A Review 


Jonas S. FRIEDENWALD, M.D. 


(From the Wilmer Ophthalmological Institute, Johns Hopkins University and Hospital, Baltimore, Md.) 


There is hardly a treatise on oncology that does 
not begin with the definition of cancer as a tissue 
or group of cells that has in some degree escaped 
from the “normal” restraints of tissue growth and 
is growing “‘autonomously.”’ One searches in vain, 
however, for any clear insight into the nature of 
these normal restraints and their mode of opera- 
tion. The problem is touched upon tangentially in 
the field of hormone research and is central to de- 
velopmental embryology where, unfortunately, 
the issue has been beclouded by the somewhat 
mythical concept of organizers. No disparagement 
is meant here of the truly monumental work of the 
past generation in the field of experimental em- 
bryology, for in the embryo everything is growing 
and differentiating and changing simultaneously, 
so that there is no fixed point of reference from 
which the factors governing the changes in a par- 
ticular group of cells can be evaluated. It was most 
natural to assume that these multitudinous effects 
might be mediated by some specific organizers, 
and this possibility has not been definitely ex- 
cluded even by a generation of unsuccessful at- 
tempts to isolate and characterize such organizers. 

More recent trends of thought indicate a grow- 
ing awareness of the multiplicity of possible meta- 
bolic interactions of adjacent cells and tissues, and 
a theoretic basis for differentiation resulting from 
such interactions has been provided by Spiegel- 
man (42). Drawing implications from his work on 
yeast, Spiegelman has suggested that cells acquire 
their characteristic pattern of enzymes by virtue 
not only of their genetic potentialities but also, 
specifically, under the influence of available sub- 
strates or metabolites; that due to substrate gradi- 
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ents in the embryo, cells in different locations ac- 
quire different enzyme content; and that in this 
differentiation they further alter each other’s en- 
vironment so as to lead to still further differentia- 
tion. It would seem that the test of Spiegelman’s 
hypothesis would be most difficult in the field of 
embryonic development, where everything is 
changing at once, and might be pursued more 
fruitfully in relation to adult tissues, where every- 
thing except those factors under specific observa- 
tion can be kept in relatively stable homeostatic 
balance. 

It is in the perspective of these broad questions 
that some of the recent work on the cornea is to be 
reviewed. This tissue is perhaps one of the sim- 
plest organized structures in the mammalian body, 
but even the preliminary and halting steps that 
have so far been taken in its study reveal a high 
degree of interaction of its neighboring com- 
ponents. At this early stage no very general and 
well defined patterns have as yet become visible, 
but even these small beginnings may serve to 
stimulate similar studies on other tissues and to 
make clear how long is the road ahead toward an 
understanding of the normal restraints of tissue 
growth which lead to orderly and organized struc- 
ture, and from which cancer cells somehow escape 
into “‘autonomous’”’ growth. 

Metabolic organization.—The main bulk of the 
cornea is the collagenous stroma sparsely supplied 
with cells. This is covered on its anterior surface by 
a layer of epithelium four to six cells deep, and on 
its posterior surface by a single layer of meso- 
thelium. Since the epithelium or mesothelium 
can be scraped off with little damage to the stro- 
ma, it is possible to compare the metabolism of 
the separated layers with that of the intact tissue. 
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Herrmann and his co-workers (27-30) found that 
the epithelium contains glycogen, has a cyanide- 
sensitive respiration, and a conventional glycolytic 
and glucolytic mechanism. The corneal stroma, on 
the other hand, has no oxygen uptake but con- 
sumes as much glucose per cell as does the epithe- 
lium. The product of this glucose consumption is 
lactic acid. In the intact cornea the lactic acid pro- 
duced by the stroma is consumed by the epithe- 
lium and constitutes one-quarter or more of the 
total carbohydrate utilized by these cells. 

The denuded stroma, on incubation, rapidly 
loses its capacity to glucolyze, the process coming 
to an end when all the available inorganic phos- 
phate has been incorporated into triose phosphate. 
It is evident that this tissue lacks a phosphate ac- 
ceptor, presumably adenosine diphosphate, needed 
for the conversion of triose phosphate to lactate, 
and for the continued operation of the glucolytic 
cycle. Thus, the metabolic relation between the 
epithelium and stroma is a reciprocal one, in which 
the epithelium receives lactate and simultaneously 
delivers to the stroma a necessary co-factor for 
glucolysis. 

There is some evidence suggesting that the 
transfer of lactate from stroma to epithelium is an 
active one, not simply passive diffusion. Butyrate 
and serine injected into the stroma are not utilized 
by that denuded tissue but in the intact structure 
are consumed at approximately the same rate as 
lactate. The utilization of stroma lactate, butyr- 
ate, and serine by the epithelium are all inhibited 
by the same concentration of mustard gas. It 
would appear that the stroma-epithelium bound- 
ary is the locus of highly complex metabolic ac- 
tivity. 

Cogan and Kinsey (8, 9) have shown that this 
boundary has highly specialized permeability 
characteristics, being permeable to water and to 
lipoid-soluble substances but relatively imper- 
meable to crystalloids. There is no necessary con- 
tradiction between the active transport of certain 
substances across a boundary and the imperme- 
ability of that boundary to diffusion of these same 
or similar substances. In fact, if active transport is 
to be effective, it must be associated with an im- 
permeability to diffusion of the transported sub- 
stance, since otherwise back diffusion would very 
greatly diminish the net amount of substance 
transported. The mechanism of active transport in 
this case has not been investigated. 

Tissue coheston.—An important aspect of the 
interrelation of adjacent tissues is that of cohesion. 
It would appear that this attribute is not without 
significance for some aspects of invasiveness of tu- 
mors and for the relation of some tumors to their 


own stroma. This subject has in the past received 
only scattered attention. The general literature in 
this field has been summarized by Buschke (4), 

The adhesion of the corneal epithelium to the 
underlying stroma was studied by Herrmann et al. 
(24-26). Among the substances which cause a 
loosening of the corneal epithelium are those of 
detergent type, including compounds of such low 
molecular weight as butyl alcohol. The authors 
were led by this finding to the conclusion that the 
cohesive boundary includes a lipid component. 
On the other hand, proteolytic enzymes, e.g., 
trypsin and chymotrypsin, also resulted in loosen- 
ing of the epithelium, indicating a protein com- 
ponent of the cohesive boundary. Inorganic salts 
and wide variation in pH had little effect, suggest- 
ing that acid-base bonds played no significant role 
in the cohesive mechanism. Exposure to certain 
metabolic poisons and subsequent incubation re- 
sulted in loosening of the epithelium. Similar re- 
sults were obtained following exposure to such 
vesicating agents as freezing and mustard gas. The 
authors concluded that the maintenance of co- 
herent organization may require metabolic energy, 
but the possibility that proteolytic enzymes might 
be activated under these circumstances could not 
be excluded. Local anesthetics are particularly 
effective in causing epithelial loosening. Herr- 
mann et al. (31) found that local anesthetics were 
powerful inhibitors of respiration in the corneal 
epithelium, but this did not explain their influence 
on tissue cohesion, since cyanide also suppressed 
respiration but did not result in loosening. Ex- 
posure to very low concentrations of histamine re- 
sulted in a loosening of the superficial layers of 
the corneal epithelium, leaving the basal layer still 
firmly adherent to the stroma. 

The cohesion of the corneal epithelial cells to 
one another has been studied in some detail by 
Buschke (4, 5). Trypsin, chymotrypsin, and pa- 
pain greatly decreased the intercellular cohesion, 
while lysozyme, hyaluronidase, ribonuclease, and 
crotoxinlipase were without effect. The effect of 
the proteolytic enzymes was antagonized by cal- 
cium and, to a lesser degree, by other alkaline 
earth elements and by lithium. Iodide and thio- 
cyanate tend to diminish this calcium effect. 
Anionic detergents were found to abolish intercel- 
lular cohesion, but cationic and non-ionic deter- 
gents were without significant effect. Buschke has 
studied the influence of various metabolic poisons 
on the intercellular cohesion. Exposure to fluoride, 
iodoacetate, iodoacetamide, 2,4-dinitrophenol and 
4,6-dinitrocresol, and some local anesthetics, fol- 
lowed by subsequent incubation, led to a loss of 
cohesion. Cyanide, malonate, and azide were in- 
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effective. Quinone and trinitrophenol were very 
effective, and exposure to these agents led to dis- 
sociation of the corneal epithelial sheet into a mass 
of isolated cells, after only brief incubation. It is 
evident that there are some similarities but also 
some major differences between the forces that 
bind the epithelial cells to one another and the 
forces that bind the epithelial sheet to the under- 
lying stroma 

Mitotic activity. Studies on the mitotic activity 
of the corneal epithelium have been undertaken by 
a considerable number of investigators. The litera- 
ture in this field has been recently reviewed by 
Friedenwald (10) and Buschke (3). Many of these 
studies were undertaken for the immediate, prac- 
tical purpose of evaluating local toxic effects of the 
commonly used medications, antibiotics, ete., and 
have little direct relevance to the cancer problem. 
A useful and simple method of mitotic assay in this 
tissue has been worked out by Buschke, Frieden- 
wald, and Fleischmann (6), and has been widely 
used by other investigators with generally concur- 
rent results. 

Mitotic activity in the corneal epithelium is 
limited to the two most basally located cell layers. 
In the rat, the animal of choice for most of this 
work, the process of mitosis in these cells requires 
approximately 70 minutes. The intermitotic period 
is approximately 200 hours. This long interphase 
renders this tissue of some special value for com- 
parison with those others, mostly characterized by 
quite short interphases, that have been used in the 
past for quantitative mitotic studies. There are 
many inhibitors of mitosis whose effect is pre- 
dominantly or exclusively that of prolonging inter- 
phase. In relation to some of these, the normally 
long interphase of the corneal epithelium renders 
this tissue especially useful for the investigation of 
threshold effects. Agents in respect to which the 
threshold of mitotic inhibition have been fruit- 
fully investigated are mustard gas and related 
compounds (15, 20, 21), ultraviolet (7, 17) and x- 
radiation (19, 41), and adrenalin (13). 

Pin-prick wounds of the corneal epithelium 
cause an inhibition of mitosis in the adjacent unin- 
jured cells (12). Cervical sympathectomy dimin- 
ishes the mitotic rate and also slows down the 
mitotic cycle (13). Similar effects have been found 
in vitamin A deficiency (18) and in barbiturate 
anesthesia (14). Local anesthetics and sym- 
pathicomimetie drugs are powerful inhibitors of 
mitosis (14). Several vitamin deficiencies (ascorbic 
acid, riboflavin) have been found to be without 
effect on corneal mitotic activity even when the 
growth of the animal as a whole has been severely 
stunted (14). The effect of age has been studied by 


Smelser (37), but, outside of this, the large and 
interesting field of endocrine effects has not been 
explored. 

Buschke, Friedenwald, and Moses (7) found 
that threshold exposures to a low-pressure, quartz 
mercury vapor arc caused an increase in mitotic 
activity in the rat’s corneal epithelium. Further 
analysis of this phenomenon (17) revealed that the 
effective stimulating agent was not the radiation 
emitted by the are but some gaseous component, 
possibly ozone, in the atmosphere surrounding the 
are. No stimulating effect was found in an ex- 
tended investigation of the whole accessible ultra- 
violet spectrum when the possibility of ozone con- 
tamination was excluded. The possible bearing of 
these findings on the much disputed “mitogenetic”’ 
rays of Gurwich deserves consideration. 

Agents which stimulate or retard mitotic activ- 
ity are of interest in that they may furnish clues to 
the normal restraints on growth by which the or- 
derly relation of the tissues is maintained. Unfor- 
tunately, those agents thus far studied have not 
been particularly illuminating in this respect. 

Of more immediate and practical interest to the 
oncologist are those mitotic poisons that cause 
death of rapidly growing tissues. The mode of cel- 
lular death produced by these agents—nuclear 
fragmentation or karyorrhexis—has been studied 
in many organs and tissues. It is of some interest 
that three of the most extensively studied agents 
of this type, ionizing radiation, ultraviolet radia- 
tion, and the nitrogen mustards (19, 21), show 
wide differences in this regard on the rat’s corneal 
epithelium. Ionizing radiation, although capable 
of producing karyorrhexis in many other tissues, 
fails to produce this effect in the corneal epitheli- 
um even when administered in doses up to 8,000 r. 
The nitrogen mustards produce karyorrhexis in a 
small number of cells in the basal epithelium. 
Friedenwald, Buschke, and Scholz (21) have ad- 
vanced evidence, admittedly indirect, suggesting 
that the cells so affected are those that were in 
premitosis at the time of exposure. The dosage of 
the toxic agent required to produce these fatal in- 
juries is about 1,000 times that which produces a 
temporary inhibition of mitosis. Ultraviolet radia- 
tion in adequate dosage results in karyorrhexis of 
very great numbers of cells in all layers of the 
corneal epithelium. Even the superficial cells 
which are normally devoid of mitotic activity un- 
dergo karyorrhexis after exposure to ultraviolet 
radiation. The action spectrum for this effect has 
a broad peak in the region of 280 my (17). Karyor- 
rhexis in the corneal epithelium shows many mor- 
phologic similarities to normal mitosis, including a 
marked increase in the amount of Feulgen positive 
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intranuclear material. If it is to be regarded as a 
pathologic and fatal attempt at mitosis, then 
ultraviolet radiation must be capable of stim- 
ulating the senescent cells of the superficial layers 
in this tissue to engage in this youthful and, for 
them, fatal activity. Nucleic acid phosphatase is 
not inhibited at dosage levels of nitrogen mustard, 
ultraviolet, or x-radiation which cause marked in- 
hibition of mitosis with or without karyorrhexis 
(22). 

Wound healing.—Much of the work on the heal- 
ing of corneal wounds has been directed toward 
practicalities of ocular therapeutics (3, 10). Local 
anesthetics have a markedly inhibiting effect 
(25). Leopold and Steele (32, 33) found that even 
the blandest ointment bases caused slight delay in 
the healing of denuded areas in the cornea. Their 
findings have been confirmed by others (38, 39). 
Friedenwald and Heerema (23) found that the tox- 
ic factor in lanolin, a component of most ophthal- 
mic ointments, could be removed by washing the 
lanolin in phosphate buffer. The toxic factor has 
not been isolated but might be worthy of further 
study, for there are some analogies between the 
invasiveness of certain tumors and the healing of 
epithelial wounds. 

Since the work of Oppel (35) and Peters (36), it 
has been clear that epithelial wounds heal pri- 
marily by the migration of adjacent cells into the 
denuded area and that cellular multiplication 
plays only a later and secondary role. The truth of 
this general rule has been abundantly demon- 
strated with respect to the corneal epithelium. 
Mechanical injury actually causes a temporary 
diminution of mitotic activity (12). If the wounds 
are very small (pin pricks) they may heal com- 
pletely during the period of mitotic inhibition. 
Even with larger wounds there is, in general, no 
net excess of mitotic activity during or following 
the healing process. The deficit in cells appears to 
be made up by a diminished rate of desquamation 
(14). Smelser and Ozanics, however, found some 
net excess of mitotic activity during the healing of 
small thermal burns of the corneal epithelium (40). 

Following pin-prick wounds of the rat’s corneal 
epithelium (12), there is a lag period of somewhat 
more than an hour before the healing process 
visibly begins. During the second hour after the 
injury, the marginal cells begin to extend pseudo- 
pods into the denuded region and become elon- 
gated radially toward the defect. The morphology 
of these events was studied by Friedenwald, 
Buschke, and Crowell (16) and later in greater de- 
tail by Buschke (1, 2) who has analyzed the sepa- 
rate roles of individual cell movements and of 


movements of the epithelial syncytium as a unit. 
The healing of corneal wounds can be studied in 
vitro as well as im vivo. It is inhibited by anoxia or 
by cyanide poisoning but not by fluoride. The ca- 
pacity of cells to migrate can persist when many 
other vital phenomena have disappeared. Buschke 
(2) finds that rat corneas, stored in the cold until 
the basophilic staining capacity of their epithelial 
cell nuclei has been completely lost, still show 
healing of pin-prick wounds at a normal rate when 
incubated at 37° C. following injury. 

The events which occur during the lag period 
immediately following the injury are of special in- 
terest, for it is during this period that the stimulus 
to cellular migration becomes manifest. Frieden- 
wald, Buschke, and Crowell (16) found that during 
the lag period an exudate is formed within the pin- 
prick wound. The formation of this exudate is in- 
hibited on incubation at low temperature or in the 
absence of oxygen. It is therefore the product of 
active metabolism. One component of this exudate 
is extractable with lipoid solvents and stainable 
with silver. Further studies by Buschke (1, 2) 
show that this exudate is derived at least in part 
from the sequestrum of fatally damaged cells 
which must be sloughed off before the healing can 
begin. The development of the exudate, therefore, 
may be merely a step in the process of slough- 
ing and not an active stimulus to subsequent 
healing. 

Growth pressure and metaplasia.—In the healing 
of wounds of the corneal epithelium which extend 
to the corneal margin, conjunctival as well as cor- 
neal epithelium may participate in covering the 
defect. In darkly pigmented animals there is gen- 
erally a line of pigmented cells at the corneal-con- 
junctival border, and the participation of the con- 
junctival epithelium in the healing process be- 
comes grossly visible through the shifting onto the 
cornea of this demarcation line. This phenomenon 
was first described by Mann and Pullinger (34) in 
their study of mustard gas burns of the cornea. 
When the corneal stroma has also been injured and 
is healed with the formation of a vascularized scar, 
epithelium of conjunctival type may persist as a 
peninsula covering the vascularized area. In the 
absence of such a vascularized sear, the demarca- 
tion line slowly returns to its normal position. 

This interesting phenomenon has been recently 
reinvestigated by Friedenwald (11). If the whole 
corneal epithelium of a rabbit is removed, healing 
takes place entirely from cells of conjunctival 
origin. During the first week of healing these cells 
form a single thin layer extending onto and finally 
covering the whole cornea. During this phase these 


3 
J 
‘Sg 
af, 
Aye 
| 
§ 
re 
a 
364 
} 
parte 
” 
j 
Ai 
+ 
| 
4 


cells contain neither mucous globules that are 
characteristic of the conjunctival epithelium nor 
glycogen that is characteristic of normal corneal 
epithelium. About 2 weeks after the denudation 
the cells assume the characteristic appearance of 
conjunctival epithelium, forming a membrane two 
cells deep, with many goblet cells containing mu- 
cin. In the course of the succeeding weeks the epi- 
thelial layer is gradually transformed into corneal 
type, forming a layer four to six cells deep with 
glycogen and not mucin in their cytoplasm. Dur- 
ing the period of transformation, occasional cells 
can be found containing both glycogen and mucin. 
Mitosis counts indicate that the transformation is 
complete when the conjunctival cells have lived in 
their new environment for two to four generations. 
In those instances in which infected ulcerations of 
the cornea occurred during the period of denuda- 
tion, epithelium of conjunctival type persists over 
the area of the vascularized sear. 
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Studies in Hodgkin’s Syndrome 


XI. The Influence of Normal Serum and Hodgkin’s Serum 
on Cellular Growth and Morphology in Tissue Culture’ 


MarGareEt S. Reiman, M.S., [RENE R. Stern, B.S., Marcaret Z. Forp, B.S., AND 
HERMAN A. Hoster, M.D. 


(From the Department of Medicine, Ohio State University, Columbus 10, Ohio) 


A. study of the effect of normal human serum 
and serum from Hodgkin’s patients on normal and 
diseased human cells in tissue culture has been 
undertaken. The Hodgkin’s serum-induced mor- 
phologic changes in normal and diseased cells are 
compared with the morphologic characteristics of 
Hodgkin’s explant cells in the presence of normal 
serum. 

Lustig and Lyonnet (4) conclude that normal 
serum exhibits an inhibiting action and cancer 
serum a stimulating action on the growth of nor- 
mal fibroblasts and myeloblasts in vitro. Norris 
and Majnarich (6), on the other hand, report that 
normal blood serum accelerates—and blood serum 
from cases of pernicious anemia, leukemia, and ne- 
oplastic disease inhihits—cell proliferation in nor- 
mal bone marrow cultures in vitro, and they note 
that the opposite effect is observed in human and 
animal neoplastic tissues other than bone mar- 
row. The accelerating substance of normal serum 
and the inhibiting substance of neoplastic disease 
serum are said to counteract each other in normal 
bone marrow cultures. 

Grand (2) has referred briefly to the effect of 
autogenous Hodgkin’s serum on the growth char- 
acteristics of Hodgkin’s lymph nodes in vitro. 
Liquefaction, degeneration, giant cell formation, 
and stimulation of reticulum cells are said to occur 
under these conditions. 


MATERIALS AND METHODS 


Human lymph nodes and spleens were obtained 
under sterile conditions at surgery. Part of each 
specimen was subjected to paraffin sectioning, 
staining, and histologic examination. The remain- 


* This investigation was supported by research grants from 
the National Cancer Institute, Public Health Service, and the 
American Cancer Society on recommendation of the Com- 
mittee on Growth of the National Research Council. 
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der was cultured within 4 hours by means of the 
roller-tube tissue culture technic (1). Normal hu- 
man tissues were obtained under sterile conditions 
from newborn infants at autopsy. Human bone 
marrow specimens were obtained by sternal as- 
piration. A differential cell count was done in each 
case, and the remainder of the marrow was cul- 
tured immediately. Human white blood cell 
samples were removed from whole blood obtained 
by venipuncture. The whole blood obtained was 
centrifuged before coagulation; the fluid plasma 
was removed with a pipette, leaving the layered 
buffy coat and red blood cells beneath it. The buf- 
fy coat layer was then “‘coagulated” by the addi- 
tion of one drop of bovine fibrinogen and throm- 
bin, and the clotted white cells were removed en 
masse. The white blood cells were cultured within 
+ hour after separation from the whole blood 
sample. 

Bovine thrombin and bovine fibrinogen, ob- 
tained in powdered form commercially, were used 
routinely as a clotting medium in all tissue cul- 
tures prepared (7). A balanced salt solution (Gey’s 
solution) was sterilized by filtration and added to 
the nutrient fluid. 

Human placental serum (cell-free) was used 
routinely as a part of the nutrient fluid. The 
placental blood was obtained from the cord vein 
following delivery of the placenta. After clotting, 
the serum was removed in a sterile manner and 
stored at 4° C. until used. Normal human adult 
serum (cell-free) was a part of the nutrient fluid in 
control cultures, and serum obtained from Hodg- 
kin’s patients in the intermediate or advanced 
stage of the disease was a part of the nutrient fluid 
in experimental cultures. The adult serum was 
stored at the same temperature as the placental 
serum. 


One hundred and twenty-eight tissues from di- 
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verse human sources were cultured under the in- 
fluence of normal serum and of Hodgkin’s serum 
(Table 1). 

The roller-tube technic (1) was used routinely 
in culturing tissues. The tissues were minced with 
scissors, and six pieces, 0.5-1.0 mm. in size, were 
imbedded in a fibrinogen and thrombin coagulum 
at intervals extending from the lower to the upper 
end of each tube. One cc. of one of the following 
nutrient fluids was then introduced into each tube: 
(a) Control: 2 parts balanced salt solution, 1 part 
normal placental serum, and 1 part normal adult 
serum; (b) Experimental: 2 parts balanced salt 


solution, | part normal placental serum, and 1 part 
Hodgkin’s serum. 

The tubes, stoppered with rubber “‘vaccine or 
serum” bottle tops, were incubated at 37.5° C. in 
a rotating roller-tube wheel. Each culture was 
nourished semiweekly with fresh fluid after removal 
of the used fluid. 

Microscopic observations (100 & magnification 
and 500 X magnification) were made daily on new 
and rapidly growing cultures and biweekly on old 
and more slowly growing cultures. Photomicro- 
graphs of representative, unstained, living ex- 
plants within the roller tube were taken weekly, or 


TABLE 1 
TISSUES STUDIED UNDER THE INFLUENCE OF NORMAL SERUM AND HODGKIN’S SERUM 


Lymph 
Diagnosis node Spleen 

Hodgkin’s disease 28 3 
Normal fetal and neonatal (9) 36 9 
Nonspecific lymphadenitis 1] 
Normal adult (2) 
Lymphatic leukemia 2 
Lymphosarcoma 3 
Monoblastic leukemia 
Reticulum-cell sarcoma Q 
Metastatic carcinoma 3 
Alveolar carcinoma 1 
Giant follicular lymphoblastoma 3 
Unclassified lymphoma 1 
Carcinoma of the rectum 
Plasma-cell myeloma 
Sarcoidosis 1 1 
Letterer-Siwe’s disease 1 
Neurologic syphilis 
Congestive heart failure 
Tuberculosis of lymph node 1 

ToraLs: 93 13 


Fic. 1.—Hodgkin’s lymph node, type I: granule-contain- 
ing, free cell, macrophage and reticulum cell type; 13-day-old 
culture in normal serum. This type is characterized by a free 
cell form of growth made up predominantly of macrophage- 
type cells packed with Sudan IV staining bodies. The cell 
types indicated by arrows are: (a) the macrophage-type cell 
and (b) the reticulum cell. Mag. 300. 


Fic. 2.—Hodgkin’s lymph node, type I: granule-containing, 
free cell, macrophage and reticulum cell type; 13-day-old 
culture in normal serum. The arrow illustrates the macro- 
phage-type cell. Mag. 1500. 


Fic. 3.—Hodgkin’s lymph node, type II: granule-free, 
free cell, ‘‘abortive fibroblast’? type; 178-day-old culture in 
normal serum. This type is composed principally of ‘‘abortive 
fibroblast”’ forms and, like type I, manifests a free cell form 
of growth. Unlike type I, however, the cells are not packed 
with fat bodies. The arrows illustrate “‘abortive fibroblasts.” 
Mag. 780. 


Fic. 4.—Hodgkin’s lymph node, type Ia: network or fixed 
cell fibroblast type; 18-day-old culture in normal serum. This 
type, unlike types I and II, is for the most part a fixed cell 
type of growth and contains “‘true”’ fibroblasts. The fibro- 
blasts in type Ia, however, grow in looser sheets and with 
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more irregularity than do normal fibroblasts. The arrow illus- 
trates a fibroblast. Mag. X 240. 

Fic. 5.—Hodgkin’s lymph node, type I: 7-day-old culture 
in normal serum. The cell types indicated by arrows are: (a) 
the macrophage-type cell, (b) the reticulum cell, (c) the fibro- 
blast, and (d) the giant cell. Mag. 240. 

Fic. 6.—Hodgkin’s lymph node, type I: similar in every 
respect to Fig. 5, except that it has been nourished with 
Hodgkin’s serum rather than normal serum. The most obvious 
serum-induced effect is an increase in the number of nuclei 
in the giant cells. The cell types indicated by arrows are: (a) 
the macrophage-type cell, (b) the reticulum cell, (c) the fibro- 
blast, and (d) the giant cell. Mag. X 240. 

Fic. 7.—Hodgkin’s lymph node, type I: 17-day-old culture 
in normal serum. The cell types indicated by arrows are: (a) 
the macrophage-type cell, (6) the reticulum cell, and (c) the 
fibroblast. Mag. < 240. 

Fic. 8.—Hodgkin’s lymph node, type I: the counterpart 
of Fig. 7, nourished with Hodgkin’s serum. The difference 
between the two cultures (Figs. 7 and 8) is an increase in cell 
death as a result of the presence of Hodgkin’s serum. The 
cell types indicated by arrows are: (a) the macrophage-type 
cell, (b) the reticulum cell, and (c) the fibroblast. Mag. « 240. 


* All cultures illustrated were living and unstained when photographed. 
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more often, as indicated by the rate of growth of 
the cultures. Growth in the roller tube was allowed 
to continue for long periods of time (3-25 weeks) 
without transplantation to another tube. 
Information concerning the following “‘diagnos- 
tic criteria’’ was recorded serially in the case of 
each culture: (a) the relative proportion of fixed 
cell and free forms, (b) the extent and rate of 
growth, (c) the degree of liquefaction, and (d) the 


types and individual characteristics of cells. Data 
relating to the presence, length of time present, 
number, type, size, granule or fat body content 
(number, size, refractility), and number of nuclei of 
the following cells (3) was recorded: lymphocytes 
(Fig. 14), fibroblasts (Figs. 4-8, 12, and 14), reticu- 
lum cells (Figs. 1, 5-9, 12, and 14), macrophages 
(Figs. 1, 2, 5-10), and giant cells (Figs. 5, 6, 
and 10). 
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RESULTS 

Hodgkin's tissues.—Alterations were observed 
in the morphology and cellular growth patterns of 
the cells nourished with most, but not all, of the 
Hodgkin’s serum samples studied. Hodgkin’s 
serum-induced effects of possible significance ob- 
served in 36 Hodgkin’s cultures included (Figs. 
5-8): greater fat granule content of the cells, larger 
areas of liquefaction, more free cell forms, more fat 
granule-containing reticulum cells, more fat gran- 
ule-containing macrophage-type cells, a greater 
number of nuclei in the giant cells (Fig. 6), and an 
earlier disappearance of all types of cells and 
shorter life of the culture as compared with the 
same cells observed in normal serum cultures 
(Fig. 8). | 

Normal tissues.—The _ effects of Hodgkin’s 
serum on 58 normal cell cultures considered to be 
significant included (Figs. 11-14): greater fat 
granule content of the cells (Figs. 12 and 14), 
larger areas of liquefaction (Figs. 12 and 14), 
looser fixed cell network and more irregularity of 
growth pattern (Figs. 12 and 14), a greater propor- 
tion of free forms (Figs. 12 and 14), more extended 
fibroblasts and reticulum cells (Figs. 12 and 14), 
more reticulum cells—both fat granule-containing 
and granule-free (Figs. 12 and 14), more fat gran- 
ule-containing macrophage-type cells (Fig. 12), 
and more giant cells and a greater number of 
nuclei in the giant cells than in normal serum cul- 
tures. 

Non-neoplastic tissues.—Hodgkin’s serum ef- 
fects of possible significance observed in sixteen 
non-neoplastic tissues obtained from patients with 
diseases of unknown pathogenesis included: great- 
er fat granule content of cells, more growth, fewer 


macrophage-type cells, fibroblasts, and reticulum 
cells, and more giant cells and a greater number of 
nuclei in the giant cells than in normal serum 
cultures. 

Neoplastic tissues other than Hodgkin’s.—Hodg- 
kin’s serum effects of possible significance observed 
in eighteen neoplastic tissues other than Hodgkin’s 
disease included (Figs. 9 and 10): greater fat gran- 
ule content of the cells (Fig. 10), larger areas of 
liquefaction, more macrophage-type cells, both 
fat granule-containing and granule-free, more 
giant cells, and a greater number of nuclei in the 
giant cells than in normal serum cultures (Fig. 10). 

Preliminary data indicate that sera from pa- 
tients with lymphoma other than Hodgkin’s dis- 
ease do not induce alterations similar to the Hodg- 
kin’s serum-induced effects reported above. 

The morphologic characteristics observed in the 
two types of Hodgkin’s cellular growth (in normal 
serum) described in a previous paper (3) have 
been compared in Table 2 with the significant 
Hodgkin’s serum-induced alterations observed in 
Hodgkin’s, normal, non-neoplastic, and neoplastic 
cellular growths. Points of similarity between 
Hodgkin’s serum-induced changes and characteris- 
tics of Hodgkin’s cellular growth in normal serum 
appear to be the following: an increased fat gran- 
ule content of cells, liquefaction of medium, num- 
ber of free forms, fat granule content of reticulum 
cells, fat granule content of macrophage-type 
cells, number of giant cells, and number of nuclei 
in the giant cells. Alterations which were recorded 
only in normal cells under the influence of Hodg- 
kin’s serum were an increased number of reticulum 
cells and large “‘extended”’ reticulum cells. An al- 
teration which was observed only in neoplastic 


Fic. 9.—Reticulum-cell sarcoma lymph node: 7-day-old 
culture in normal serum. Note the granule-containing 
reticulum cells in the free state. The cell types indicated 
by arrows are: (a) the macrophage-type cell and (6) the 
reticulum cell. Mag 780. 

Fic. 10.—Reticulum-cell sarcoma lymph node: a 
parallel culture of the same tissue illustrated in Fig. 9, 
grown in Hodgkin’s serum. The most noticeable effects 
are an increase in the number of giant cells and in the num- 
ber of nuclei in the giant cells. The cells indicated by arrows 
are: (a) the macrophage-type cell and (b) the giant cell. 
Mag. X780. 

Fic. 11.—Normal lymph node from a newborn infant: 
52-day-old culture in normal serum. Note the heavy 
fixed cell, network growth consisting of fibroblasts and 
reticulum cells containing few granules. Mag. 240. 


Fic. 12.—Normal lymph node from a newborn infant: 
a culture of the same 52-day-old tissue illustrated in Fig. 
11, grown in normal serum 25 days and in Hodgkin’s 
serum 27 days. The most noticeable alterations are looser 
sheets of fixed cells, an increase in the granule content of 


the cells, an increase in the number of extended reticulum 
cells and spindle-shaped cells, and an increase in the degree 
of liquefaction. The cells indicated by arrows are: (a) the 
macrophage-type cell, (b) the reticulum cell, (c) the fibro- 
blast, and (d) the extended reticulum cell. Mag. 240. 


Fic. 13.—Normal thymus from a newborn infant: 52- 
day-old culture in normal serum. Note the heavy network 
composed of fibroblasts and rounded reticulum cells. 
Mag. X 240. 


Fic. 14.—Normal thymus from a newborn infant: a cul- 
ture of the same 52-day-old tissue illustrated in Fig. 13, 
grown in normal serum 25 days and in Hodgkin’s serum 27 
days. The most apparent changes are the presence of looser 
sheets of fixed cells, more irregularity of cellular growth, an 
increase in the number of extended and spindle-shaped retic- 
ulum cells, and an increase in the degree of liquefaction. The 
cells indicated by-arrows are: (a) the reticulum cell, (6) the 
fibroblast, (c) the extended reticulum cell, and (d) the 
lymphocyte. Mag. X 240. 


* All cultures illustrated were living and unstained when photo- 
graphed. 
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cells other than Hodgkin’s under the influence of 
Hodgkin’s serum was an increased number of 
macrophage-type cells. 


DISCUSSION 


Refractile granules were seen in the cytoplasm 
of many of the cells observed in the cultures under 
the conditions described and were especially prom- 
inent in Hodgkin’s type I explant growth and in 
normal reticulum and macrophage-type cells un- 


nition contained all four factors mentioned by 
Simms and Stillman. It is possible that one or 
more of these factors are decreased or increased in 
serum obtained from patients with Hodgkin’s dis- 
ease. For example, the “B” or fat granule-promot- 
ing factor (lipfanogen) may be increased in Hodg- 
kin’s serum, and the “D” or cell cohesion factor 
may be decreased in Hodgkin’s serum. 

On the other hand, the Hodgkin’s serum-in- 
duced effects enumerated here may also result 


TABLE 2 


A ComMPARISON OF HODGKIN’s SERUM-INDUCED MORPHOLOGIC AND GROWTH PATTERN 
ALTERATIONS WITH THE CHARACTERISTICS OCF HopGkKIN’s TissuE GROWTH 
Types I, la anp II Norma. SERUM 


Effect of Hodgkin's serum: Alteration in morphology | Summary of Hodgkin's| Characteristics 
‘" B 4 D or cellular growth pattern | Sera effects on normal} of Hodgkin's 
Hodgkin's} Normal |NonNeo- | Neo- Not observed in control | and diseased cells. tissue growth 
Cells | Cells* | plastic | plastic | Cultures. (see columns A-D) | types I,IaU. 
Cells"* |Cells*”* Increased: (normal serum) 
+ + + =| 2.Granule-content + 
(fat bodies) of cells 
+ tt 0 + 3Liquefaction of . 
medium 
+ 0 + 4. Free cell forms + 
t + t | 6Lymphocytes _ 
0 7.Macrophage-type cells +(inD) 
+ : | 8Reticulum cells 
° 0 9. Large “extended” — 
reticulum cells 
+ 0  40Granule content + 
(fat bodies) of 
reticulum cells 
(fat bodies) of 
macrophage-type cells 
0 + + 112. Giant cells + 
+ t+ 143.Nuclei in giant cells 
Legend:0* absence of alteration *=neonatal and adult tissue cells. 
t= variable **=non-neoplastic diseases of unknown etiology 
= presence of alteration and non-specific Iymphadenitis tissue cells. 
+t= alteration pronounced ***= neoplastic diseases including Iymphoblastoma 
— = comparison other than Hodgkin's disease. 
°°°= comparison in some cases 
= comparison variable 


der the influence of Hodgkin’s serum. These gran- 
ules appeared in living and unstained cells as 
refractile bodies, were stained by Sudan IV, and 
ranged in size from 300 mu to 1 yu (3). 

Simms and Stillman (8) have postulated four 
factors in blood plasma. The “A” factor is a 
growth stimulant which prevents the formation of 
fat granules and may also dissolve them. The “B”’ 
factor, or lipfanogen, results in fat granule forma- 
tion in the cells. The “‘C”’ factor is reported to pro- 
duce degeneration of cells, while the “D”’ factor 
increases the cohesiveness of cells. The serum used 
in the experiments described in this paper by defi- 


from (a) a deficiency or excess of an unknown 
metabolite, such as that obtained by Miller and 
Turner (5) from the urine of Hodgkin’s patients, 
(b) a cellular deficiency of lipolytic enzyme, or 
(c) the presence of intrinsic or extrinsic macro- 
molecular particles peculiar to the cells altered by 
Hodgkin’s disease and arising as the result of the 
dissolution of these cells. The specificity of the in- 
clusion bodies in Hodgkin’s explant cells described 
by Grand (2) remains to be confirmed. Although 
it has been suggested that inclusion bodies and as- 
sociated changes in normal cells brought about by 
the addition of supernatant fluids obtained from 
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Hodgkin’s cells in tissue culture are the result of 
the presence of a virus (2), it is possible that these 
changes may be metabolic in origin. It is to be ex- 
pected that the Hodgkin’s cell growing in vivo and 
in vitro gives rise to one or more abnormal metabo- 
lites which may effect the growth of both normal 
and abnormal inoculated cells in tissue culture. 

The serum-induced alterations described in the 
normal and abnormal cells studied appear to bear 
a qualitative resemblance to the fundamental al- 
terations which characterize the growth of Hodg- 
kin’s explant cells in tissue culture. The signifi- 
cance of this observation cannot be judged until 
further study clarifies the nature and establishes 
the specificity of these changes. 

Although sera obtained from lymphomata other 
than Hodgkin’s disease do not produce the mor- 
phology and growth pattern changes described in 
the case of Hodgkin’s serum, it is not justifiable to 
conclude that these serum-induced alterations are 
specific and limited to Hodgkin’s sera until abnor- 
mal sera of many varieties have been studied un- 
der the same conditions. 


SUMMARY 


1. A study of the effect of normal human serum 
and Hodgkin’s serum on normal and diseased hu- 
man cells in tissue culture is described. 

2. The potentially significant Hodgkin’s serum- 
induced alterations which have been noted are: 
(a) an increased fat granule content of reticulum 
and macrophage-type cells, (b) an increase in 
liquefaction, (c) an increase in free cell forms, 
(d) an increase in the number of giant cells in all 
tissues with the exception of Hodgkin’s, (e) an in- 
crease in the number of giant cell nuclei in Hodg- 
kin’s and other explant cells studied, and (f) a de- 
creased life span of Hodgkin’s cells, but not of 
other cells. More pronounced and more varied in- 
dividual alterations are observed in normal neo- 


natal cells under the influence of Hodgkin’s serum 
than in diseased cells of the types observed. 

3. The Hodgkin’s serum-induced morphologic 
changes in normal and diseased cells appear to 
bear a qualitative resemblance to the fundamental 
alterations which characterize the growth of 
Hodgkin’s explant cells in the presence of normal 
serum in tissue culture. 

4. Although the serum-induced alterations in 
Hodgkin’s disease appear to be specific within the 
area of the lymphomata, it is not justifiable to con- 
clude that they may not be duplicated by the 
serum of one or more other diseases. Further in- 
vestigation will reveal the degree of specificity of 
the phenomena observed. 
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The Virus-induced Rabbit Papilloma-to-Carcinoma Sequence 


III. Immunological Tests for Papilloma 
Virus in Cottontail Carcinomas’ 


J. I. Syverton, M.D.,7 E. B. Weis, M.D.,7t J. Koomen, Jr., M.D.,+ 
H. E. Dascoms, M.D.,+{t ano G. P. Berry, M.D.7 


(From the Department of Bacteriology, the University of Rochester School of Medicine and Dentistry, Rochester, New York) 


Benign papillomas on wild cottontail rabbits 
(Sylvilagus floridanus alacer Bangs) from Iowa and 
Kansas were found by Shope (7) to yield a virus 
readily transmissible to domestic rabbits (7) and 
by Shope and others to several species of wild hares 
(see footnote 4 in reference 13). A marked differ- 
ence in host reactivity became apparent early, as 
shown by the easy recoverability of the virus from 
the tumors on hares, in contrast to the more usual 
lack of, or at best limited, recoverability of the 
virus from domestic rabbits. This difference in host 
reactivity is without apparent directive influence 
on the ultimate fate of the benign tumors, for both 
natural and experimental growths on various host 
species undergo successive changes to regression 
or to cancer (12). The relationship of the virus to 
the ultimate cancer, moreover, continues to be 
unknown. All attempts to recover the virus di- 
rectly from cancers on any host have failed, and 
the ‘indirect evidence for its presence, which derives 
from two domestic rabbits, leaves open the ques- 
tion of the continued presence of the virus during 
the papilloma-to-carcinoma sequence. 

Kidd, Beard, and Rous (4) reported in 1936 that 
a single animal of the 17 domestic rabbits that had 
been utilized as recipients for the transplantation 
of metastatic cancerous tissue showed progressive 
growth of the transplant and that serum from this 
rabbit neutralized not more than 20 units of virus 
(this approximates about a tenfold variation in 
titer). “Its titer was low.”’ 
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Coffin Child’s Memorial Fund for Medical Research. 
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Kidd and Rous (5) later described a second can- 
cer from a domestic rabbit which over several 
years they have successfully transplanted through 
many generations. Transplantation of this cancer 
in series was effected with equal success in normal 
and in papilloma-immune animals (3). When the 
tumor was returned to normal domestic rabbits 
after serial passage through hyperimmunized 
hosts, these yielded serum containing specific anti- 
bodies for papilloma virus. These facts were inter- 
preted to mean that papilloma virus was carried 
for many months in “‘masked” or altered form as 
an “enduring partnership.” It was a remarkable 
example of the capacity of viruses to survive in 
tumor cells as inapparent passengers. Obviously, 
however, the essential question, the exact relation- 
ship of papilloma virus to the cancer, remained 
open. 

We attempted early to learn whether the virus 
could be demonstrated by direct or indirect meth- 
ods in the cancers that followed both naturally and 
experimentally induced papillomas (8,13). Because 
the cottontail rabbit, as the natural host for the 
virus, might well be the best laboratory animal for 
the investigation of the relationship of the virus to 
the successive alterative changes that occur over 
many months, we approached the problem through 
the use of carcinomatous material derived from 
cottontail rabbits. If virus were present in such 
cancers, it should be readily demonstrable, for it is 
customary to recover virus from papillomas on 
this host. 

The plan for our experiments was: (a) to intro- 
duce cancerous tissue from western into eastern 
cottontail rabbits; (b) if overt lesions did not ap- 
pear, to test these host animals for acquired im- 
munity to papilloma virus, directly by measuring 
their resistance to re-infection and indirectly by 
assessing their serum for antibodies to papilloma 
virus. The carcinomatous tissue was to be used in 
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the form of primary lesions, metastases, and after 
irradiation with 2,000,000 roentgen units of x-ray.! 

It is the purpose of the present paper, the third 
in a series, to record the results of immunological 
studies designed to throw light on the role of 
Shope’s papilloma virus in the papilloma-to-car- 
cinoma sequence. 


EXPERIMENTAL 


The same experimental plan was followed for 
the first three experiments. For purposes of orien- 


next several months three of these tumors re- 
gressed and disappeared. Of the remaining, micro- 
scopic examination established one as a benign 
papilloma and two as cancers. A single right axil- 
lary node was largely replaced by cancer. 

The cancerous tissue was mixed and triturated 
in Locke’s solution to yield a 10 per cent suspen- 
sion. Each of eight cottontails was injected with 
0.1 ml. of this suspension at each of four sites, two 
subcutaneously and two intraperitoneally, and 
two domestic rabbits were inoculated by cross- 


EXPERIMENT I 
TESTS TO DETERMINE 


ACTIVE AND PASSIVE IMMUNITY OF HOST-ANIMALS 
TO PAPILLOMA VIRUS 
GROUP ANIMALS PAPILLOMAS CONTROLS | 
RABBIT NUMBER 2 3 4 | 9 | 12 | 13 14 | 15 
RABBITS AFTER COM- 
PLETE REGRESSION 
TITER OF OF NATURALLY OC- 


PAPILLOMA VIRUS 

ON HOST-ANIMALS 

WHICH RECEIVED 
CARCINOMATOUS TISSUE 


CONCENTRATION OF 
VIRUS 


ao | 2 
% 
NEUTRALIZATION TESTS o, 
WITH SERUM COLLECTED |z 
FROM HOST-ANIMALS 
BEFORE AND AFTER 
CARCINOMATOUS TISSUE |Z ,, SINS|IISlo Slo slog 
= BEFORE, A = AFTER) z < 21,122 
By FA] | | | A} | {8} | A A fe] A} B 


iICURRING PAPILLOMAS 


DIFFERENCES IN 
NEUTRALIZATION TESTS 


AFTER 
peseue 


+1 
BEFORE AND AFTER . T | 


(+1 OR REFERS 
TO ONE PLACE IN 
DECIMAL TITRATION) 


BEFORE 


METHOD OF READING AND RECORDING — 4+ 


Fic. 1.—Summary of the data for the tests employed in 
Experiment 1 to determine whether the inoculation of cotton- 
tail carcinomatous tissue into cottontail rabbits had resulted in 
specific anti-viral effects. 

In Figures 1, 2, 3, and 5 the reaction to inoculation of 


tation, therefore, the first and simplest is described 
in detail. 

Cottontail rabbit S12-74, which died acci- 
dentally 342 days after its arrival from Kansas, 
provided the carcinomatous tissue. It had _ six 
papillomas on arrival. During the course of the 

' Because we knew from previous experience (11, 14) that 
2,000,000 roentgen units kill all tissue cells and bacteria but 
are without detectable effect on papilloma virus, we employed 


this enormous dose of x-ray in the hope that it might free 


‘‘masked”’ virus (1, 2, 5), if such were present, in the cancerous 
tissue. 


CONFLUENT, 3+ EVENTUALLY CONFLUENT, 2+ SCATTERED, i+ FEW, + ONE OR TWO. 


papilloma virus in 10-fold decrements has been charted in 
such a way that the width of the column indicates the degree 
of the reaction: entire width equals confluent or 4+ reaction; 
thin line equals 1 or 2 papillomas or + reaction. 


hatch scarification, that we might learn by direct 
tests whether or not virus was present in the be- 
nign papilloma or in the cancers. 

Forty-five days later, when no reaction was 
noted, except a slight pyogenic infection at several 
sites, each of these rabbits was tested for evidence 
of acquired immunity. These tests fell into two 
categories: (a) tests for active immunity in which 
the recipients were inoculated by cross-hatch 
scarification with virus in tenfold decrements, to 
learn whether some evidence for resistance could 
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be elicited, and (b) tests for passive immunity in 
which a sample of serum withdrawn 30 days after 
the injection of cancerous tissue was tested for its 
ability to neutralize papilloma virus. These latter 
tests were carried out by measuring the neutraliz- 
ing effect of equal parts of undiluted serum on the 
virus when it was present in successive concentra- 
tions that represented tenfold decrements. As a 
control for each sample of serum under test, a sam- 
ple which had been withdrawn from the same ani- 
mal before injection was tested concurrently and 
in duplicate on normal domestic rabbits. 


Experiment 1.—The results of Experiment 1 are presented 
in Figure 1. 

In this pilot experiment only 15 animals were used: 7 host 
animals, which received carcinomatous material, and 8 con- 
trols. Their reaction to the virus is charted in such a way that 
the width of the column indicated the degree of the reaction— 
from confluent, 4 + (6), to 1 or 2 papillomas, a + reaction. 
As an example, note the two normal animals, Nos. 14 and 
15, included to establish the titer of the sample of virus used. 
With No. 15, a 1-10 dilution gave a confluent or 4+ reac- 
tion, a 1—-100,000 dilution gave only a single papilloma, a + 
reaction. It can be seen in Figure 1, furthermore, that the 
host animals, Nos. 1-6, when tested for active immunity 
against papilloma virus (tested by the injection of successive 
tenfold decrements of the virus), reacted in a way essentially 
similar to that of the normal animals, Nos. 14 and 15. This 
finding is in striking contrast to the reaction of the control 
cottontails, Nos. 10-13, which had a high degree of immunity 
as the result of having carried papillomas. 

The results of the tests for passive immunity are presented 
in the second division of Figure 1. Sera collected from the 
‘*host animals’ before, as indicated by B, and 30 days 
after the inoculation of carcinomatous tissue, as indicated by 
A, were mixed with graded doses of virus (the final concen- 
tration of virus is shown on the chart) and tested on normal 
animals. The results, as shown by the comparative widths of 
each pair of columns, indicate no striking difference between 
the neutralizing ability of serum withdrawn from rabbit 30 
days after the inoculation of carcinomatous tissue and that 
withdrawn before. The results of these tests for passive im- 
munity thereby substantiate the tests for active immunity, in 
which the reaction to injection of virus was essentially that of 
normal animals. To ascertain whether the differences were 
significantly different, however, the observed differences in 
end-point are charted in the third division of Figure 1. It 
might seem at first view that the sera withdrawn after inocula- 
tion with carcinomatous tissue had greater neutralizing ability 
than that withdrawn before, but these differences reflect 
the small number of sera tested, as will become apparent in 
succeeding experiments. 


When the results of the first experiment yielded 
no evidence for the presence of papilloma virus in 
carcinomatous tissue from cottontail rabbits, the 
experimental approach was altered for the second 
experiment to include a larger number of rabbits 
and to carry out each titration in duplicate. 

Experiment 2.—Cottontail rabbit 516-04 had two large 
papillomas on its arrival from Kansas. When this animal died 
300 days later, cancers had replaced both papillomas, and 


metastatic cancers were present in a left inguinal lymph node, 
a right axillary lymph node, and in the lungs. 


The cancerous tissue was made ready for inoculation by 
cutting it into pieces of such size that, suspended in Locke's 
solution, they readily passed the lumen of a 14-gauge needle. 
Four preparations were employed for inoculation: preparations 
1 and 2 were made from a mixture of both primary cancers; 
preparations 3 and 4 were prepared from a mixture of the 
metastatic cancers. For inoculation, preparations 1 and 3 were 
injected without further treatment, whereas preparations 2 
and 4 were irradiated with 2,000,00C r (11) immediately be- 
fore injection. The injections were made intramuscularly at 
two sites, subcutaneously at two sites, cross-hatch searification 
at two sites, intraperitoneally, and tissue fragments were 
placed in the anterior chamber of the eye of four rabbits. 
Forty-four eastern cottontails (Nos. 16-59) were used as re- 
cipients. Each had been bled for control serum. 

The sites of inoculation on each animal were examined at 
weekly intervals. When 45 days had elapsed without evidence 
for growth of the transplanted tumor tissue in a single animal, 
each of the 44 cottontails was bled for test serum. These test 
animals and four normal eastern cottontails were then assessed 
for active immunity to papilloma virus by duplicate inocula- 
tions by cross-hatch scarification of papilloma virus in decimal 
dilutions. Further tests to determine whether the injection of 
the cancerous fragments had resulted in the formation of spe- 
cific neutralizing antibodies for papilloma virus were effected 
by measuring concurrently the antibody content of the samples 
of serum collected from each animal before and after its inocu- 
lation with carcinomatous tissue. 


In Figure 2 are summarized the composite re- 
sults of Experiment 2. These results are presented 
in the same form as described for Figure 1. 

It can be seen in Figure 2 that 38 of the 44 host 
animals survived the second bleeding to be tested 
for active immunity to papilloma virus. The reac- 
tion of each of these 38 rabbits (Nos. 16-53) to 
inoculation with successive decimal dilutions of 
papilloma virus was essentially similar to that of 
each of the four normal controls (Nos. 60-63). 

It can be seen further, moreover, that the injec- 
tion of carcinomatous tissue did not significantly 
alter in any host animal the neutralizing capacity 
of its serum, 1.e., a graded amount of virus elicited 
papillomas which were essentially the same as to 
size and incubation period, whether it had been 
mixed with serum from the sample withdrawn be- 
fore inoculation with carcinomatous tissue or with 
serum withdrawn after its injection. The variations 
in end-point, which reflect the usual biological 
variation, are depicted as “differences in neutrali- 
zation tests before and after” in the third horizon- 
tal subdivision of Figure 2. 

It is clear that Experiment 2 failed to yield evi- 
dence for the presence of papilloma virus in the 
carcinomatous tissue. Indeed, through utilization 
of a large number of rabbits and by carrying out 
each titration in duplicate, it might seem that 
these results would suffice. When a cottontail rab- 
bit that harbored at the time of its death from 
intercurrent infection primary cancers, metastatic 
cancers, and a benign papilloma became available, 
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ACTIVE AND 


PASSIVE 


EXPERIMENT III 
TESTS TO DETERMINE 


TO PAPILLOMA VIRUS 


IMMUNITY OF HOST-ANIMALS 


GROUP 


HOST- 


ANIMALS 


RABBIT NUMBER 


65 


66 


67 


68 


69 


TITER OF 
PAPILLOMA VIRUS 
ON HOST-ANIMALS 
WHICH RECEIVED 

CARCINOMATOUS TISSUE 


CONCENTRATION OF 


VIRUS 


o 


5 


NEUTRALIZATION TESTS 
WITH SERUM COLLECTED 
FROM HOST-ANIMALS 
BEFORE AND AFTER 
INOCULATION OF 


CARCINOMATOUS TISSUE 
(B = BEFORE, A = AFTER) 


CONCENTRATION OF 


VIRUS 


Bi 


DIFFERENCES IN 
NEUTRALIZATION TESTS 
BEFORE AND AFTER 
(+! OR -! REFERS 


TO ONE PLACE IN 
DECIMAL TITRATION) 


AFTER 


BEFORE 


+1 


GROUP 


HOST- 
ANIMALS 


BENIGN 
PAPILLOMAS 


IMMUNE 
CONTROLS 


NORMAL 
CONTROLS 


RABBIT NUMBER 


8 | 


84 


8 


| 12 | 13 


14715 


TITER OF 
PAPILLOMA VIRUS 
ON HOST-ANIMALS 
WHICH RECEIVED 

CARCINOMATOUS TISSUE 


CONCENTRATION OF 


NEUTRALIZATION TESTS 
WITH SERUM COLLECTED 
FROM HOST-ANIMALS 
BEFORE AND AFTER 
INOCULATION OF 


CARCINOMATOUS TISSUE 
(8 = BEFORE, A = AFTER) 


CONCENTRATION OF 


NEG 


RABBITS AFTER COM- 
PLETE REGRESSION 

OF NATURALLY OC- 
CURRING PAPILLOMAS 


NEG 
NEG. 
NEG 
NEG 


> NEG. 


@ NO SERUM 


> NEG. 
@ NO SERUM 


> NEG 
> NEG 
> NEG. 
@ NO SERUM 
> NEG. 


DIFFERENCES IN 
NEUTRALIZATION TESTS 
BEFORE AND AFTER 


(+1 OR -1 REFERS 
TO ONE PLAGE IN 
DECIMAL TITRATION) 


AFTER 


BEFORE 


+1 


METHOD OF READING AND RECORDING — 4+ 


Fic. 3.—Summary of the data for the tests employed in Ex- 
periment 3 to determine whether the inoculation of cottontail 


carcinomatous tissue 
specific papilloma anti-viral effects. 


CONFLUENT, 3+ EVENTUALLY CONFLUENT, 2+ 2 SCATTERED, I+ : FEW, + ONE 
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it was, nevertheless, decided to try a_ third 
experiment. 


Experiment 3.—The carcinomatous tissue was removed 
from cottontail rabbit 512-76, which, on arrival from Kansas, 
had eighteen papillomas. When the animal died 229 days later, 
seven papillomas had regressed, nine papillomas had become 
confluent to yield five cancers, two papillomas still were pres- 
ent, and three axillary nodes were replaced by cancer. By 
using for direct transfer by cross-hatch inoculation an inoculum 
prepared from each of the fifteen lesions, papillomas resulted 
from a single tumor, a benign-appearing papilloma removed 
from over the lower back. The method of preparation of the 
tissue suspensions and the technic for transfer to the recipient 
rabbits were the same as for Experiment 2. The results are 
presented in Figure 3. 


elicited when four cottontails (Nos. 10-13) were 
tested after their naturally occurring papillomas 
had regressed. 

One point needs special emphasis. The cotton- 
tail from which the carcinomatous material was 
derived had at the time of its death primary can- 
cers at four sites, metastatic cancers in three 
lymph nodes, and a single benign papilloma. When 
the benign tumor was tested for virus on Nos. 8 
and 9, it yielded confluent papillomas, and these 
hosts, as depicted in Figure 3, developed a high 
degree of active and passive immunity. In striking 
contrast to these results, not one of the seven can- 


SUMMARIZED RESULTS OF NEUTRALIZATION TESTS 


DIFFERENCES IN INFECTIOUS TITER OF SERUM-VIRUS MIXTURES PREPARED 
FROM SERUM WITHDRAWN BEFORE AND 45 DAYS AFTER ATTEMPTED INDUCTION 
IN RABBITS OF IMMUNITY TO PAPILLOMA VIRUS BY THE INTRODUCTION 
OF CARCINOMATOUS TISSUE FROM COTTONTAILS. 


EXP'T. II 


30 (42 RABBITS) 


25 


20 


NUMBER OF RABBITS 


EXP'T. I 
(7 RABBITS) 


Fic. 4.—A summary for Experiments 1, 2, and 3 of the 
differences in infectious titer of serum-virus mixtures prepared 
from serum withdrawn before and 45 days after attempted 
induction in cottontail rabbits of immunity to papilloma virus 
by the introduction of carcinomatous tissue from cottontail 
rabbits. 

+ = neutralization greater after than before injection of 


It is clear that the data in Figure 3 substantiate 
the findings already described for the preceding 
experiments. The 21 host animals, Nos. 64-84, 
were without visible or palpable reaction to the 
inoculation of carcinomatous tissues. Moreover, 
none showed evidence of antibody formation when 
tested directly for actively acquired immunity, or 
when tested indirectly by assessing its serum for 
neutralizing antibodies for papilloma virus. The 
reaction to the inoculation of papilloma virus was 
similar to that of normal control animals, Nos.14 


and 15, and totally different from the reactions | 


EXxXP'T. III 
(21 RABBITS) 


| 


carcinomatous tissue. 

neutralization greater before than after injection of 
carcinomatous tissue. 

0 = neutralization same before and after injection of car- 
cinomatous tissue. 

10-fold difference in final titer. 

100-fold difference in final titer. 


cers coming from the same cottontail yielded evi- 
dence for the presence of papilloma virus when the 
respective hosts were tested for active and passive 
immunity. 

The differences in neutralizing ability for the 
samples of serum withdrawn before the inoculation 
of carcinomatous material and the samples of 
serum withdrawn after the inoculation of carci- 
nomatous material have been depicted in the third 
horizontal column of each figure. 

It has been pointed out, in presenting the results 
of each of the three experiments, that there were 
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no significant differences. The variations from ani- 
mal to animal, or on the same animal, are merely 
the expected variation about the biological end- 
point. These data are summarized in Figure 4. 

In Experiment 1 a small number of rabbits was 
used. Experiment 2 was designed to include a 
large number of animals. Neutralization was the 
same for the majority of animals. A few sera gave 
greater neutralization after than before the inocu- 
lation of carcinomatous tissue; a few sera the op- 
posite, 1.e., greater neutralization before than 
after. The composite results, as presented in Figure 
4, give a good distribution curve. It can be seen in 
Figure 4, moreover, that the results of Experiment 
3 substantiate the findings of the preceding 
experiments. 

Even though the results of these experiments 
did not support the hypothesis that the cancers 
had papilloma virus in their cells, a fourth experi- 
ment was designed to test whether the parenteral 
introduction of massive doses of carcinomatous 
tissue would give evidence for the presence of 
papilloma virus. 


Experiment 4.—Metastatic carcinomatous tissue and papil- 
lomatous tissue, as mixtures derived from several cottontail 
rabbits, were utilized for testing. Each mixture was triturated 
with alundum in Locke’s solution to yield 10 per cent sus- 
pensions of tissue, centrifuged to remove the larger particles 
and irradiated with 2,240,000 r to free it from extraneous 
bacterial contaminants. Twelve cottontail rabbits were used 
as recipients for these irradiated mixtures. Six of them (Nos. 
85-90) were given four successive intraperitoneal doses of 
4 ml. of the carcinomatous tissue at 7-day intervals. One (No. 
90) died of intercurrent infection. Into the other 6 (Nos. 91- 
96) an equal amount of papillomatous tissue was injected for 
control purposes. 

When these eleven survivors, after 45 days’ observation, 
had shown no effects from the injections, each was tested for 
evidence of active and passive immunity to papilloma virus. 
The data for these tests and for additional control tests are 
summarized in Figure 5. It can be noted that to measure better 
the comparable reactivity of the two test groups in the im- 
munity tests, three additional groups of cottontail rabbits were 
included: normal animals that served to establish the infectious 
titer of the challenge dose of virus; rabbits with pre-existing 
papillomas; rabbits with known carcinomas. The two latter 
groups, therefore, comprised animals exhibiting a high grade of 
naturally acquired immunity. 


It is evident from the figures that tests for ac- 
tive immunity, which were carried out in duplicate 
on the recipients of carcinomatous tissue and in 
triplicate on normal animals, yielded similar re- 
sults. Indeed, multiple titrations on a single ani- 
mal showed no greater variation than the titra- 
tions on different animals. In marked contrast to 
these results, the recipients of the papillomatous 
tissue (Nos. 91-96) developed a high grade of ac- 
tive immunity, 1.e., virus known to have an infec- 
tious titer of 10° elicited two small papillomas on 
but one of the six animals tested. Thus, their reac- 


tions were entirely within the range of reactivity 
which was shown by the animals in the two groups 
of immune controls (Nos. 97-102). 

The tests for passive immunity in each group 
reflected the same immune state for each animal. 
It can be seen in Figure 5 that the serum samples 
which were without neutralizing effect on papil- 
loma virus had been withdrawn from the host ani- 
mals (recipients of the carcinomatous tissue, Nos. 
85-89) both before and after the injection of can- 
cerous tissue, but from the controls (recipients of 
the papillomatous tissue, Nos. 91-96) before the 
injection of papillomatous tissue only. The sam- 
ples of serum withdrawn from the rabbits in the 
latter group after the injection of papillomatous 
tissue, on the other hand, contained viral anti- 
bodies adequate to neutralize 10,000 infectious 
doses of papilloma virus. In fact, the neutralizing 
ability of each of the samples of serum in this lat- 
ter group was at least as great as any of the sam- 
ples derived from rabbits with long-existing papil- 
lomas (Nos. 97-99) or carcinomas (Nos. 100-102). 


DISCUSSION 


Under the experimental conditions described in 
the present paper, it was found that carcinomatous 
tissue from wild cottontail rabbits yielded no evi- 
dence for the presence of papilloma virus. When 
naturally occurring virus-induced papillomas on 
cottentails were permitted to develop without 
outside interference through successive stages in 
their developmental cycle to become epidermoid 
carcinomas, transfer of such carcinomatous tissue 
to normal eastern cottontail rabbits failed regu- 
larly to elicit visible or palpable evidence of tumor 
growth or immunologic evidence for the presence 
of papilloma virus in the carcinomatous tissue. 
Both primary cancers and metastatic cancers in 
suspension were employed for inoculation by the 
subcutaneous, intramuscular, intraperitoneal, in- 
traocular and cutaneous routes, both directly and 
after irradiation with an amount of x-ray lethal 
for bacterial contaminants and tissue cells but 
without effect on papilloma virus (11). 

Eastern cottontail rabbits were employed as 
the recipient test animals because it had been 
established (9,12) for cottontails captured in New 
York that: (a) they were fully susceptible to infec- 
tion by the strains of papilloma virus that had 
been obtained from western cottontail rabbits, 
(b) infection by the virus resulted in tumors indis- 
tinguishable in their pattern of growth (12) from 
the naturally induced papillomas on their western 
cousins, and (c) their papillomas, when in the pro- 
liferative or early stationary phases, readily 
yielded the virus in high titer. The utilization of 
this host would, it would seem, have been optimal 
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for the recovery of the virus, had it been present 
in the cancers. 

The results of this immunological study support 
the hypothesis that the role of papilloma virus in 
the rabbit) papilloma-to-carcmoma sequence is 
limited to that of a provocative carcinogenic agent 
and not to that of an activating carcinogen. In- 
deed, the early disappearance of papilloma virus 
from the papillomas of domestic rabbits, and the 
absence of the virus during the stationary and in- 
volutionary growth phases of papillomas on do- 
mestic and cottontail rabbits (12) make our failure 
to demonstrate virus in naturally occurring can- 
cers predictable. The results of the present study, 
also, substantiate our earlier findings (8,18) in 
which the lesions from 26 of 38 wild cottontail 
rabbits with epidermoid carcinomas, established 
at autopsy, were tested for the presence of papil- 
loma virus. We found that 12 of 40 histologically 
benign papillomas yielded the virus, but none of 
106 cancers did. 

It would be most surprising if papilloma virus 
were not demonstrated in an occasional cancer 
(4,5). This would not mean that the virus played 
an etiological role. Its presence might be explained 
in a number of ways: by a direct carry-over of 
papilloma cells into the cancer; by cancer cells 
carrying papilloma virus as a “passenger.” [t is 
established that these cancer cells can be infected 
by nonetiologically significant viruses (10). Our 
consistent failure to demonstrate papilloma virus 
in the eancers of cottontail rabbits, therefore, 
makes it seem improbable to us that papilloma 
virus forms an essential part of the ultimate 
cancer. 


SUMMARY 


Studies were designed to elucidate the relation- 
ship of Shope’s papilloma virus to the carcinoma 
that often develops when rabbits have long car- 
ried virus-induced papillomas. Carcinomatous ma- 
terials from western cottontail rabbits were tested 
for the presence of virus by utilizing eastern cot- 
tontails as test animals, because it is the rule to 
recover papilloma virus from papillomas on this 
species of host. There were available for study 106 
cancers removed from 26 cottontails. For a single 
experiment mixed carcinomatous material from 
many hosts was employed, and for each of three 
experiments the carcinomatous material utilized 
came from single animals. 

It was found that the transfer of carcinomatous 
material to normal animals did not result in an 
increased resistance to papilloma virus, nor did 
serums from these animals acquire neutralizing 
capacity for papilloma virus. One of the cotton- 


tails provided eight lesions for investigation: pri- 
mary cancers at four sites, metastatic cancers in 
three lymph nodes, and a single benign papilloma, 
Papilloma virus was recovered from the papilloma, 
and a high degree of immunity resulted in’ the 
recipient test animals that received tissue, but 
none of the cancers from the same animal yielded 
evidence for the presence of papilloma virus. 


REFERENCES 
W. Identity of “Inhibitor” and Antibody 
in Extracts of Virus-Induced Rabbit Papillomas. J. Exper. 
Med., 72: 175-200, 1940. 

2. Kipp, J. G. The Masking Effect of Extravasated Anti- 

body on the Rabbit Papilloma Virus (Shope). J. Exper, 

Med., 70: 588-604, 1989. 

. Phe Enduring Partnership of a Neoplastic Virus 
and Carcinoma Cells. Continued Increase of Virus in the 
V2 Carcinoma during Propagation in’ Virus-Immune 
Hosts. 75: 7-20, 1942. 

4. Kipp, J. G.; Beanp, J. W.; and Rous, P. Serological Re- 
actions witha Virus Causing Rabbit Papillomas Which Be- 
come Cancerous. IL. Tests of the Blood of Animals Carry- 
ing Various Epithelial Tumors. J. Exper. Med., 64:79-96, 
1936. 

5. Kipp, J. G., and Rous, P. A Transplantable Rabbit Car- 
cinoma Originating Virus-Induced) Papilloma and 
Containing the Virus in Masked or Altered Form. J. 
Exper. Med., 71:818-38, 1940. 

6. Rous, P.; Kipp, J. G.; and Bearp, J. W. Observations on 
the Relation of the Virus Causing Rabbit Papillomas to 
the Cancers Deriving Therefrom. I. The Influence of the 
Host Species and of the Pathogenic Activity and Con- 
centration of the Virus. J. Exper. Med., 64:385—400, 19386. 

7. Suopr, R. E., and Hurst, EK. W. Infectious Papillomatosis 
of Rabbits, with Note on the Histopathology. J. Exper. 
Med., 58: 607-24, 19838. 

8. SyvertoN, J.T. The Papilloma-Carcinoma Sequence in 
the Cottontail (Sylvilagus) Rabbit. Third International 
Congress for Microbiology, Abstracts of Communica- 
tions, Section IIT, pp. 341-42. New York, 19389. 

9. SyvertoN, J. T., and Berry, G. P. Carcinoma in Cotton- 
tail Rabbit Following Spontaneous Virus Papilloma 
(Shope). Proce. Soc. Exper. Biol. & Med., 33:399-400, 
1935. 

10. —-——-. The Superinfection of the Rabbit Papilloma 
(Shope) by Extraneous Viruses. J. Exper. Med., 86: 131- 
43, 1947. 

11. Syverton, J. T.; Berry, G. P.; and Warren, S. L. The 
Roentgen Radiation of Papilloma Virus (Shope). II. The 
Effect of X-rays upon Papilloma Virus in Vitro. J. Exper. 
Med., 74: 222-34, 1941. 

12. Syverton, J. T.; Dascomn, H. E.; on J.; WELLS, 
E. B.; and Berry, G. P. The Virus-induced Papilloma- 
to-Carcinoma Sequence. I. The Growth Pattern in 
Natural and Experimental Infections. Cancer Research, 
10:379-84, 1950. 

13. SyvertTon, J. T.; Dascomsp, H. E.; Wewts, E. B.; 
Koomen, J.; and Berry, G. P. The Virus-induced Rabbit 
Papilloma-to-Carcinoma Sequence. II. Carcinomas in 
the Natural Host, the Cottontail Rabbit. Cancer Re- 
search, 10: 440-44, 1950. 

14. Syverton, J. T.; Harvey, R. A.; Berry, G. P.; and 
WarrREN, 8S. L. The Roentgen Radiation of Papilloma 
Virus (Shope). I. The Effect of X-rays upon Papillomas 
on Domestic Rabbits. J. Exper. Med., 73: 243-48, 1941. 


4 
} 
«3 
é 
ts : 
| 
at 
Dust 
4. 
: 
¢ i 
A 


The Significance of the Anterior Chamber 
in lumor Transplantation 


[. Transplantation of Mouse Neuroblastoma 
C1300 to Homologous Hosts"! 


J. M.D., R. G. Evans, B.A., G. B. BRownina, B.S. 


(From the Departments of Pathology, Veterans Administration Hospital, and University of Utah Medical School, 
Salt Lake City, Utah) 


Greene (1) has stated that, in transplantation of 
mouse tumors into nonsusceplible strains, “the 
so-called influence of strains appears to be largely 
negated when the anterior chamber is used.” 

This investigation is an attempt (a) to verify 
this observation and (6b) to determine whether or 
nol growth of a tumor transplanted to the anterior 
chamber is limited to this space or progresses be- 
yond it, in a host in which the same tumor would 
nol grow if transplanted subcutaneously. 


MATERIALS AND METHODS 

The mouse neuroblastoma ©1300 and the C57 
brown strain of mice were selected, because sub- 
cutaneous transplants of this tumor grow progres- 
sively in only a small percentage of mice of this 
strain. The tumor arose spontaneously in strain A 
mice and was obtained from Bar Harbor, Maine. 
The C57 brown mice came from the same source. 
Mice of the highly susceptible ABC strain (Bar 
Harbor) served as control animals. 

Three hundred and twenty-seven female C57 
brown mice weighing about 15 gm. were inoculated 
with C1300; 161 mice received subcutaneous grafts 
and 166 received grafts into the anterior chamber. 
Both groups were anesthetized with sodium nem- 
butal. The inoculations in both sites were performed 
with a gauge # 20 spinal needle. The fragments 
were of similar size, taken from the same tumor, 
and inoculated simultaneously. The subcutaneous 
grafts were placed in the midline halfway between 

*'This work was supported by a grant from the National 
Cancer Institute, U.S. Public Health Service. 


} Reviewed in the Veterans Administration and published 
with the approval of the Chief Medical Director. The state- 
ments and conclusions published by the authors are the result 
of their own study and do not necessarily reflect the opinion 
or policy of the Veterans Administration. 
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the symphysis pubis and the ensiform process. The 
anterior chamber grafts were inoculated under a 
stereoscopic microscope after the corneae had been 
cul with a pointed Parker blade. 

Might to ten mice of each group were killed 6 
hours after inoculation, 24 hours after inoculation, 
on the second, third, fourth, fifth, sixth, eighth, 
tenth, twelfth, fifteenth, nineteenth, and twenty- 
fourth day. The remaining animals were not 
killed. 

At the time of sacrifice, the eyes and adjacent 
structures were removed and cut sagittally. In the 
subcutaneously grafted animals the abdominal 
wall was reflected; when the graft was visible 
through the muscle layer, it was excised with the 
skin and muscle covering. When it was not visible, 
the muscle was stripped under the stereoscopic 
microscope; both muscle and subcutaneous sur- 
faces were searched and suspected areas removed 
for sectioning. The tissues were fixed in formalin; 
between 5 and 40 sections were prepared from each, 
stained with hematoxylin and eosin, and evaluated 
with regard to the presence or absence of tumor 
growth. Grafts were considered as growing when 
there was mitotic activity of tumor cells or vascu- 
larization of viable tumor tissue. 

In some subcutaneously inoculated mice, repeat 
sections failed to show the graft site. Whenever 
this occurred in mice sacrificed during the first 
week after inoculation, it was considered to be pos- 
sibly due to inadequate dissection, as very small 
growing tumors could have been missed. These 
mice were not classified as “‘negative.”’ If, however, 
the graft site was not found in mice sacrificed later 
than 1 week after inoculation, it was considered 
likely that the graft had been absorbed. Failure to 
find a growing graft at that period was unlikely. 
These mice were classified as “‘negative.” 


483 


é 
| 
d 
4 
~ 
ie 
+ ai 
i 
an 


484 Cancer Research 


RESULTS 

The data in Table 1 show the incidence of tumor 
growth in the sacrificed mice. Growth of grafts 
placed in the anterior chamber was found in 85 of 
126 mice (68 per cent). The observation of growing 
tumor tissue in the anterior chamber of all mice 
sacrificed at the end of the second week after inoc- 
ulation also suggests that the “negative” animals 
sacrified previously had harbored small growing 
grafts undetected by histological examination. 

In contrast, growing tumors were found in only 
18 of 93 mice inoculated subcutaneously (19 per 
cent). The difference between the two groups is 
significant (P < 0.001). 

Tumor growth extending beyond the anterior 
chamber was first observed in mice sacrificed 5 
days after moculation. It was observed in 58 of 61 


lowing inoculation and was interpreted as a regres- 
sion of tumor tissue. Some of these mice still 
showed foci of mitotic activity of tumor cells and 
hence were listed in ‘Fable 1 as harboring growing 
tumor. Therefore, the data in Table 1 understate 
the extent of regression of tumor tissue in mice 
grafted into the anterior chamber. 

Thirty-eight mice with anterior chamber grafts 
were not sacrificed. In all these the anterior cham- 
ber became filled with gray-pink tissue, and the 
cornea perforated in all but one animal—events 
which, in the sacrificed animals, were proved to 
represent tumor growth. The data in Table 2 show 
that 23 of these animals (61 per cent) developed 
progressively growing tumors. Metastases were 
not observed. The other animals developed smaller 
tumors not exceeding 0.7 & 0.6 em. in surface 


TABLE 1 
INCIDENCE OF TUMOR GROWTH IN SACRIFICED MICE 


GRAFTS INTO ANTERIOR CHAMBER SUBCUTANEOUS GRAFTS 
Tumor Tumor 
growth growth Graft 
limited beyond site 
TIME OF No. Growing to ant. ant. No. Growing nol 
SACRIFICE mice tumor chamber chamber mice tumor found* 
6 hours 10 | 1 0 10 | 8 
24 hours 10 | 0 
2 days 10 3 3 0 9 1 4 
10 7 7 0 3 
8(9) 4 4 0) 9 
10 8 9 + 
10 9 1 8 9 $ 
ae 8(9) F 8 0 8 9 2 
11 11 ll 9 3 
—. 10 9 1 8 8 l 
9 8 1 7 10 
“ 10 8 0 9 


* See ‘Materials and Methods.” 
t Tissue lost in processing. 


“positive” mice sacrificed on and after the sixth 
day. Frequently, it occurred before the anterior 
chamber was completely filled with tumor tissue. 
The tumor proliferated readily over both surfaces 
of the iris and into the vitreous body; it invaded 
the ciliary body and the pectinate ligament, and 
extended posteriorly into the choroid and the 
perichoroidal space. The tumor often extended 
from the pectinate ligament into the scleral chan- 
nel used by the anterior ciliary vessels. After pen- 
etration of the sclera, growth occurred readily in 
the periscleral space. 

In several animals the tumor appeared partly 
replaced by granulation tissue. In others, only 
granulation tissue was found, either limited to the 
anterior chamber or beyond it, in a distribution 
similar to that of the growing tumor in the other 
animals. This was mainly observed in mice sacri- 
ficed on the 15th, the 19th, and the 24th days fol- 


area. They regressed during or after the third week 
following inoculation. 

Forty-three of the subcutaneously inoculated 
animals were not sacrificed. Six of these (16 per 
cent) developed progressively growing tumors. 


TABLE 2 
INCIDENCE OF TUMOR GROWTH 


No. of mice 


Total no. of showing pro- 
Transplantation mice allowed gressive tumor Per 
site to survive growth cent 
Anterior chamber 38 23 61 
Subcutaneous space 43 6 16 


P<0.001. 


The difference between this group and that with 
inoculations into the anterior chamber is signifi- 


eant (P < 0.001). 
Fourteen of fifteen mice of the ABC strain with 


anterior chamber grafts developed progressively 
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growing tumors with large metastases beneath the 
skin of the neck. This almost invariably occurs in 
this laboratory, with animals of this strain, follow- 
ing transplantation of C1300 to the anterior cham- 
ber. Only two of fourteen mice of the ABC strain 
grafted subcutaneously with ©1300 failed to de- 
velop a tumor, while in a third mouse the tumor 
regressed, 
SUMMARY 


Mouse neuroblastoma C1300 was transplanted 
into the anterior chamber of 166 female mice of 
the C57 brown strain, and subcutaneously into 
161. Comparable numbers of mice of each group 
were sacrificed serially, and the incidence of tumor 
growth was compared. 

Tumor growth was significantly more frequent 
in mice in which the tumor had been transplanted 
to the anterior chamber. The tumor grew both 
within and beyond the anterior chamber. 


Anterior Chamber Transplantation of Tumors 
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Progressive tumor growth significantly 
more frequent in mice with inoculations into the 
anterior Chamber than in subcutaneously tmocu- 
lated animals. 

Crross metastases were not observed in these 
mice following tumor transplantation to the an- 
terior chamber, in contrast to mice of the ABC 
strain in which this event almost invariably occurs 
following transplantation of this tumor to the an- 
terior chamber. 


ACKNOWLEDGMENTS 


We are indebted to Dr. Francis D. Gunn and Dr. Jean H. 
Dougherty of the Department of Pathology, University of 
Utah Medical School, and to Dr. Murray Shear of the National 
Cancer Institute for aid in the preparation of this manuscript; 
to Miss Marie Lettieri and to Mr. Paul Sine for technical 
assistance. 


REFERENCES 


S. N. The Use of the Mouse Eye in Trans- 
plantation Experiments. Cancer Research, 7:491-500, 1947. 


4 
4 
#3 
- 
| 
j 
ee 
3 ¢ 
. 
é 
7 
2 


Studies on Xanthine Oxidase during Carcinogenesis 


by p-Dimethylaminoazobenzene* 


W. W. Westrerrecp, Pu.D., Dan A. Ricuert, Pu.D., AND Martin F. Hineincer, M.D. 


(From the Departments of Biochemistry and Pathclogy, Syracuse University College of Medicine, Syracuse, N.Y.) 


Protein and riboflavin deficiencies (11, 17, 1, 7) 
seem to be major dietary factors involved in the 
production of liver cancers by feeding p-dimethyl- 
aminoazobenzene. The quantity and type of fat in 
the diet also appear to be important in this process 
(14, 18), and other dietary factors, such as biotin, 
play a role under certain conditions (8, 22). Con- 
versely, a major effect of feeding p-dimethyla- 
minoazobenzene is the depletion of liver riboflavin 
(6, 10, 16). This effect may well be related to its 
carcinogenic action, since p-dimethylaminoazo- 
benzene does not have a similar effect on other tis- 
sues, and noncarcinogenic dyes have little, if any, 
effect on the hepatic riboflavin. 

In order for p-dimethylaminoazobenzene to be a 
potent carcinogen, it must act synergistically with 
a nutritional deficiency. Two important nutri- 
tional factors related to this process, protein and 
riboflavin deficiencies, are the same dietary factors 
that are capable of depleting liver xanthine oxidase 
(24, 19, 2). Nanthine oxidase is a complex flavo- 
protein enzyme (3, 5) and is the only oxidative 
enzyme involved in the formation of uric acid from 
nucleotides; it is the only one of the enzymes in- 
volved in nucleotide metabolism in rat liver that is 
appreciably affected by a low protein diet (20). 
Since these known interrelationships hold many 
implications of possible importance in the mecha- 
nism of p-dimethylaminoazobenzene carcinogene- 
sis, a Study of the relationship of xanthine oxidase 
to the production of cancer by p-dimethylamino- 
azobenzene was undertaken. 


EXPERIMENTAL 


The basic diet used for these studies was identi- 
cal with the purified 12 per cent casein—5 per cent 
corn oil diet described by Kline et al. (13), except 
that 1 per cent cod liver oil was added to the diet 
at the expense of glucose. Two other control diets 
were the same, but one contained 8 per cent casein 
and the other 21 per cent casein; an appropriate 


* This work was done under a grant-in-aid from the Ameri- 
can Cancer Society upon recommendation of the Committee 
on Growth of the National Research Council. 
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adjustment of the glucose content’ was made in 
‘ach case. These three dye-free diets, varying sig- 
nificantly only in protein content, were fed as con- 
trols to each of three groups of 24 Sprague-Dawley 
male rats weighing 175-200 em. Three additional 
groups of 39 rats each were started on the same 
diets, to which had been added 0.06 per cent  p- 
dimethylaminoazobenzene. At the end of 1, 2, and 
4 months, six rats from each of the six groups were 
sacrificed by decapitation for blood and_ tissue 
analyses. All the dye-fed rats that survived for 18 
weeks (six on 12 per cent casein; fifteen on 21 per 
cent casein; none on 8 per cent casein) were kept 
on the same diet without dye for an additional 6 
weeks before sacrificing. At necropsy or upon 
death of the rat a liver section was placed in 10 
per cent formalin for histological study; sections 
were stained with eosin and hemotoxylin. Body 
weights were recorded every 2 weeks. 

Liver xanthine oxidase activity was determined 
by the method of Axelrod and Elvehjem (2) as 
previously reported (19). The enzyme activity in 
spleen, kidney, lung, and intestine was determined 
similarly (24). The xanthine oxidase activity in rat 
blood was determined by a procedure to be de- 
scribed, based upon the studies of Kalckar (9); it 
depended upon a measurement of the disappear- 
ance of xanthine and the formation of uric acid 
during the incubation of a xanthine solution with 
rat blood. The changes in concentration were de- 
termined by measuring the absorption at 270 mu 
and 290 mu. 

Determination of xanthine oxidase in rat blood.— 
The reagents used were: phosphate buffer: 0.0585 
M, ph 7.4, Na:K = 1:1; xanthine solution: the 
same phosphate buffer containing 40-50 y xanthine 
per cc.; and 20 per cent perchloric acid. 

Fresh phosphate buffer was prepared each time 
by diluting a concentrated solution. An aliquot of 
an 0.05 m xanthine solution in 0.05 m NaOH was 
added to the same buffer before completing the 
dilution, to obtain the freshly prepared xanthine 
solution. 

1.0 ec. of the xanthine solution was added to a 
test tube containing 0.2 cc. of defibrinated rat 
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blood. A blank was prepared by mixing 0.2 ce. of 
blood with 1.0 ce. of the phosphate buffer. Both 
tubes were incubated for 1 hour at 87°, with con- 
tinuous shaking. Each was then diluted with 2.8 
ee. of water, and the proteins were precipitated by 
the addition of 2.0 ce. of 20 per cent perchloric 
acid. After centrifuging thoroughly, to remove the 
protein precipitate, the supernatant was  trans- 
ferred toa l-em. quartz cell and read against water 
ina Beckman spectrophotometer at 270 my, 290 
mu, and 330 mu. The density reading at 270 my 
indicated the xanthine concentration; the 290 mu 
reading gave the uric acid concentration; and the 
reading at 330 my was subtracted from both the 
270 mu and 290 mu readings, to correct for the tur- 
bidity or nonspecific absorption of the solution. The 
absorption of the blank was subtracted from the 
corresponding readings of the xanthine-containing 
solution in order to obtain the amount of xanthine 
remaining or the uric acid formed. The original xan- 
thine concentration in the reagent used was deter- 
mined by the same spectrophotometric measure- 
ments of a solution containing 1.0 cc. xanthine, 3.0 
ec. water, and 2.0ce. perchloric acid. The difference 
between these density readings and those calculat- 
ed to be present after incubation gave the net den- 
sity changes resulting from the conversion of xan- 
thine to uric acid. The net density changes at 270 
my and 290 mu were divided by 0.034 and 0.071, 
respectively, to convert these figures into yg. of 
xanthine disappearing per cubic centimeter of fil- 
trate. Multiplying by 6 gave the total yg. of xan- 
thine converted by 0.2 ce. blood; a further multi- 
plication by 5 gave the recorded values in terms of 
ug. xanthine oxidized by 1 ce. of blood per hour. 

The values of 0.084 and 0.071 given above for 
the change in the density of the solution at 270 my 
and 290 my, respectively, that accompanies the oxi- 
dation of 1 wg. per cubic centimeter of xanthine to 
uric acid differ from those reported by Kalekar 
(9). The differences are due to the shift in the ab- 
sorption spectra of both xanthine and uric acid in 
the acid medium of the perchloric acid filtrate. The 
absorption peak for xanthine in phosphate buffer 
of pH 7.4 is 277 mu; in the perchloric acid filtrate 
it is 264 my; the absorption at 270 my changes very 
little with acidification, because the two curves 
cross at this point. The peak of absorption for uric 
acid at pH 7.4, 299 muy, is shifted to 290 muy in the 
perchloric acid solution. The values of 0.034 and 
0.071 were calculated from the absorption curves 
for xanthine and uric acid in a 63 per cent per- 
chlorie acid solution. 

The phosphate buffer and perchloric acid did 
not contribute to the absorption at the wave 
lengths studied. Rat blood filtrates contained con- 


siderable material absorbing at 270 my and 290m 
most of which came from the red cells. Upon incu- 
bation of whole blood or serum with phosphate 
buffer alone for 1 hour there was a slight increase 
in the absorption at both 270 my and 290 mu. In- 
cubation for 3 hours resulted ina slight decrease in 
the absorption at 270 my and a slightly increased 
absorption at 290 my. These changes indicated a rel- 
atively slow conversion of some pre-existing blood 
constituent to xanthine and then uric acid, but the 
changes were relatively small after 1 hour of incu- 
bation. Xanthine added to blood was recovered 
quantitatively in the filtrate when the proteins 
were precipitated immediately. The xanthine con- 
centration in the reagent was unaffected by incu- 
bation of the buffer solution alone. 

The 330-my reading was unaffected by the xan- 
thine or uric acid concentration and was at a point 
where the absorption by a blood filtrate was mini- 
mal and flat. In most cases the correction intro- 
duced by the 330-my reading was negligible, be- 
‘cause both the blank and xanthine-containing 
solutions from any one blood sample gave nearly 
identical readings. Filtrates from different blood 
samples varied appreciably in the amount of ab- 
sorption at 330 mu. 

Theoretically, the xanthine disappearance could 
be calculated from the density change at either 270 
my or 290 my, and the two values so obtained 
should agree. In most cases reasonably good agree- 
ment (15 per cent) was observed, and the two 
values were averaged. In some cases, however, 
there was a much greater formation of uric acid 
(Afat 290) than could be accounted for by the 
small amount of xanthine disappearing (A at 270). 
In such instances the values were calculated from 
the density change at 290 mu only. The reasons for 
placing greater reliance upon the 290 mu readings 
are: (a) The change at 270 mp may be the resultant 
of some xanthine being formed as well as disap- 
pearing during the incubation; (b) The blood fil- 
trate blank at 270 my is usually much greater than 
the blank at 290 muy, and the density change at 290 
mu/ug xanthine oxidized is more than twice 
that observed at 270 mu; hence, the change at 290 
my is relatively greater and more accurate. Repeat 
determinations on six blood samples that had been 
stored in the refrigerator for 24 hours gave values 
that differed from the original determination by 
10 per cent or less. 


RESULTS 


At the time the rats were started on the various 
diets, nine additional rats from the same group 
were sacrificed immediately and found to contain 
1,188 + 91 units of xanthine oxidase in the liver. 
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The changes in the activity of this enzyme in the 
various tissues that resulted from the diets alone 
as well as from the inclusion of p-dimethylami- 
noazobenzene in the diets are shown in Table 1. 
The growth response for each group is also 
recorded. The effect of each diet is evident at the 
end of 1 month, and the longer dietary periods do 
not alter the picture appreciably. Hence, the 
results will be discussed in approximate over-all 
average terms; the specific figures, together with 
the standard errors for the groups, are recorded in 
the table. 

The 21 per cent protein diet maintained the 
liver xanthine oxidase at about 1,000 units; the 
dye decreased this value to about 700 units. The 


12 per cent protein diet gave levels of approxi- 
mately 600 units, while only 135 units were found 
in the corresponding dye-fed rats. The 8 per cent 
protein diet alone decreased the liver xanthine 
oxidase to 250 units, and the dye further de- 
creased it to about 100 units. Feeding the dye 
acted synergistically with a dietary protein de- 
ficiency in depressing the xanthine oxidase level 
in the liver. 

The effect of the protein level of the diet on the 
concentration of xanthine oxidase in the liver is 
evident and essentially in agreement with previous 
findings (23, 24). The activity found in the rats fed 
the 8 percent protein diet was higher than antic- 
ipated, since values approaching zero have usu- 


TABLE 1 


THE XANTHINE OXIDASE ACTIVITY OF TISSUES OF RATS FED DIETS OF DIFFERENT PROTEIN CONTENT 
WITH AND WITHOUT p-DIMETHYLAMINOAZOBENZENE 


Bopy wr. (GM.) 


Dirt Start End Liver 
21 per cent Protein 188 332 1312 
+123 
“+ Dye 182 267 730 
+142 
12 per cent Protein 184 267 718 
+153 
“4 Dye 184 233 175 
+ 56 
8 per cent Protein 183 243 318 
+ 68 
“+ Dye 181 191 49 
+21 
21 per cent Protein 19% 356 926 
+42 
“+ Dye 188 324 768 
+117 
12 per cent Protein 181 324 413 
+87 
“4 Dye 191 227 105 
+ 25 
8 per cent Protein 181 233 335 
+48 
“4 Dye 178 201 114 
+30 
21 per cent Protein 186 449 990 
+34 
“+Dye 178 395 616 
+80 
12 per cent Protein 182 381 630 
+61 
“+Dye 192 312 122 
+15 
8 per cent Protein 177 253 82 
+ 48 
“41. Dye 202 208 129 
+33 


XANTHINE OXIDASE ACTIVITY (MEAN +S.E.)* 


Kidney Lung Spleen Intestine Blood 
(On diet 4 weeks) 
60 
+ 
35 
+6 
67 
+5 
$32 
+4 
9] 
+4 
40 
(On diet 8-9 weeks) 
222 295 461 $2 49 
+ 20 + 24 + 41 + 36 +$ 
65 366 610 145 25 
+ 36 + 46 +98 + 69 +2 
156 261 368 15 5S 
+18 + 42 + 46 +15 +7 
10 168 481 146 18 
+10 +18 +65 + 56 +7 
160 350 370 74 87 
+ 55 + 38 + 57 + 26 +9 
7 225 435 81 19 
| + 36 +77 +41 +8 
(On diet 16-18 weeks) 

198 189 454 79 58 
+ 29 + 28 + 22 +31 
7 165 431 29 42 
| +21 +87 +19 +2 
247 255 435 37 67 
+19 +20 +67 +29 +5 
46 190 625 45 35 
+19 + 24 +40 +45 +4 
200 244 421 54 91 
+27 + 26 + 57 + 28 +10 
81 219 641 150 58 
+19 +41 +69 + 36 +10 


* Tissue xanthine oxidase activity in c. mm. O2 per gram dry wt. per hour; blood activity in wg. xanthine oxidized per cc. blood per 


hour. Each figure is the mean for six rats. 
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ally been obtained with the 8 per cent protein diet 
used in previous studies (23). The difference is 
possibly due to the choline deficiency of the diets 
used for these studies. 

‘The low-protein diets alone did not decrease the 
xanthine oxidase activity of the kidney, the aver- 
age level in this series being about 200 units. Feed- 
ing the dye decreased this activity to very low 
levels, an average of 35 units being found for all 
the diets. The protein content of the diet had no 
particular influence on the effect of the dye in this 
tissue. All three diets gave approximately the same 
results on the lung enzyme levels of 200° 300 
units. Inclusion of the dye in the diet gave slightly 
lower values (approx. 15 per cent). Neither the 
protein content of the diet nor the dye had much 
effect on the lung enzyme. 

The protein content of the diet had little effect 
on the xanthine oxidase activity of the spleen, 
levels of about 400 units being found on all the 
diets. When the dye was also fed, the enzyme 
activily of the spleen was generally higher, with 
an average of 540 units. The dye-fed rats not only 
maintained normal levels of this enzyme in the 
spleen, but the spleen was also greatly enlarged 
over that found on the diets alone. All three diets 
gave essentially the same low order of activity in 
the intestine—approximately 60 units. The dye 
had no additional effect on the intestinal enzyme; 
occasional increased values were small and_ of 
doubtful significance. 

The protein content of the diet had an effect on 
the xanthine oxidase content of rat blood opposite 
to that of the liver. As the liver enzyme was de- 
pleted by the low protein diets, the blood enzyme 
increased. However, when the dye was also fed, 
the blood enzyme activity was depressed and held 
at the same low figure irrespective of the diet. 
These results are graphically illustrated in 
Figure 1. 

By comparison with the values found for rats 
maintained on dog chow (24), the purified 21 per 
cent casein diet decreased the enzyme somewhat 
in the liver, spleen, lung, and intestine, but not in 
the kidney. Feeding an 8 per cent casein diet gave 
a further marked decrease in the liver enzyme but 
had no additional effect, beyond that of the puri- 
fied diet alone in the other tissues. The blood en- 
zyme was markedly increased by a low protein 
diet. p-Dimethylaminoazobenzene decreased the 
enzyme in kidney and blood, irrespective of diet, 
and decreased the enzyme in liver synergistically 
with a low protein intake; the dye had no depres- 
sant effect on the enzyme in lung, spleen, and in- 
testine. It should be noted that lung and spleen 


are the two tissues whose xanthine oxidase activi- 
lies are nol increased appreciably by methylene 
blue (24), 

Studies on liver wanthine oxidase.— Vhe following 
studies were made to assess the method of deter- 
mining xanthine oxidase in the livers of the dye- 
fed rats to see if the lower levels of activity were 
due to an actual absence of the enzyme from the 
tissue or to the presence of an inhibitor in the 
liver. 

The livers were analyzed in the usual manner 
and also in the presence of 0.15 ce. of 0.0118 m 
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Fic. 1.—The relationship between blood and liver xanthine 
oxidase in rats maintained on three different diets, with and 
without p-dimethylaminoazobenzene. 

Each point represents the average of eighteen rats analyzed 
after 1, 2, or 4 months on the diets. Liver xanthine oxidase 
units = c. mm. Oy» per gram dry liver per hour; blood xanthine 
oxidase units = pg. xanthine oxidized by 1 cc. blood per hour. 


methylene blue added to the aerobic system. Puri- 
fied milk xanthine oxidase (3) was added to the 
liver homogenate to see if its activity was increased 
to the same extent in the dye-fed rats as in those on 
the diets alone. A portion of the liver was homogen- 
ized with 2 volumes of water and dialyzed for 
3—4 hours against running tap water, and an addi- 
tional 16-18 hours in a large volume of cold dis- 
tilled water. The dialyzed homogenate was then 
diluted with concentrated phosphate buffer and 
water to give the same proportions used with the 
original liver. The activity of the dialyzed prepara- 
tion, as well as the effect of methylene blue and 
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added xanthine oxidase, was then again deter- 
mined. Similar studies on normal rat livers were 
previously reported (19). 

The same results were obtained with the rats 
fed the dye-containing diets for 8-9 weeks and 
with the rats sacrificed after 16-18 weeks. The 
latter data, together with the calculated results, 
have been summarized in Table 2. The following 
points may be noted: (a) Essentially the same 
enzyme activity was found after dialysis as was 
present in the original liver in both the dye-fed 
and dye-free groups. The finding of increased 
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consistent in each group and may indicate the 
presence of a very small amount of nondialyzable 
inhibitor of xanthine oxidase in the livers of the 
dye-fed rats. (c) The xanthine oxidase activity of 
the undialyzed liver homogenate was increased 
appreciably by the addition of methylene blue to 
the aerobic system; this increase was consistently 
greater in the dye-fed rats than in those on the 
dye-free diets, and the difference was statistically 
significant in two of the three groups. These results 
suggest that the auto-oxidizability of this enzyme 
is somewhat impaired by the dye feeding, since 


TABLE 2 


THE EFFECT OF METHYLENE BLUE, XANTHINE OXIDASE, AND DIALYSIS ON THE XANTHINE OXIDASE 
ACTIVITY OF LIVERS FROM RATS FED THE CONTROL AND p-DIMETHYLAMINOAZOBENZENE DIETS*T 


UNDIALYZED DIALYZED 
Diet Liver+ Added Liver+ Liver+ Added Liver + 
Liver M. blue X.0. X.0. Liver M. blue 
21 per cent Protein 28 53 18 56 29 35 18 58 
“4 Dye 18 45 15.5 34 14 Q7 17 41 
12 per cent Protein 18 29 21 47 19 11 18 43 
“+ Dye 3.5 15 27 37 5 4 20 24 
8 per cent Protein 2.3 6.6 Q4 41 6.5 2.6 23 40 
“4+ Dye 3.0 11 21.5 33 7 3.5 20.5 35.5 
CALCULATED DATA 
LIVER Liver+ 
AcTIVITY M.B. UNDIALYZED DIALYZED 
Liver+M.B. X.0. Liver +M.B. X.0. 
Diet Dial./undial. Dial./undial. liver recovered liver recovered 
21 per cent Protein 1.04 0.65 1.90 1.52 1.17 1.69 
+0.04 +0.05 +0.04 +0.04 +0.09 +0.14 
“4 Dye 0.76 0.61 2.71 1.08 2.08 1.52 
+0.15 +0.08 +0.23 +0.14 +0.29 +0.13 
12 per cent Protein 1.10 0.39 1.55 1.41 0.57 1.29 
+0.09 +0.09 +0.10 +0.09 +0.12 + 0.06 
“1 Dye 1.51 0.33 4.35 1.31 0.94 0.97 
+0.35 + 0.09 +0.74 +0.13 +0 .22 +0.10 
8 per cent Protein 3.52 0.48 3.42 1.59 0.56 1.48 
+0.90 +0.11 + 0.66 +0.09 +0.19 +0.08 
“4+ Dye 4.10 0.32 5.40 1.41 0.56 1.38 
+1.60 +0.07 +2.00 +0.14 +0.20 +0. 24 


* All original data figures are in c. mm. O, per 20 minutes; calculated data are given as ratios. 
+ Each figure is the average of six rats per group fed the indicated diet for 16-18 weeks. The standard error of the mean is also given for 


the calculated data. 


amounts of activity after dialysis in both 8 per 
cent protein groups cannot be considered unusual 
because of the inaccuracy of the method in deter- 
mining the small amounts of activity in these 
livers, and because the livers regularly show some 
activity after dialysis when none was apparent in 
the original homogenate (19). The responses of 
the dye-fed and dye-free groups were similar in 
this respect, so that no evidence was obtained for 
the presence of a dialyzable inhibitor of xanthine 
oxidase in the livers of dye-fed rats. (6) The activ- 
ity of the purified milk xanthine oxidase was in- 
creased by a factor of 1.50 in the dye-free rats and 
1.27 in the dye-fed rats; these figures were un- 
changed by dialysis. The difference was small but 


methylene blue acts as an accessory hydrogen 
transport mechanism between the dehydrogenat- 
ing portion of the enzyme and oxygen. If the en- 
zyme activities of the livers were considered on the 
basis of the determinations in the presence of 
methylene blue, the effect of each diet and the dye 
would be the same as that already described, but 
the differences would be smaller. (d) The effect of 
methylene blue on the xanthine oxidase activity 
of dialyzed liver, which was studied for the first 
time in this series, was unexpected. For, while 
there was no loss of enzyme as determined by the 
usual procedure, methylene blue gave significantly 
less increase in the activity of the enzyme in the 
two groups fed 21 per cent protein, and it actually 


’ 
( 
‘ 
te 
2 
: 
| 
He 
Pig 
2 
- 4 4, 


inhibited the activity of the enzyme in all groups 
receiving 12 per cent or 8 per cent casein. When 
the liver homogenates from rats on the 21 per cent 
casein control diets were dialyzed for 44 hours, 
some loss of dehydrogenase activity occurred, but 
the same values were obtained in the presence or 
absence of methylene blue. This loss of the methyl- 
ene blue effect after dialysis is not a characteristic 
of the enzyme, since both the purified milk and 
liver enzymes show an increased activity with 
methylene blue after dialysis. 

The results clearly show that no dialyzable in- 
hibitor of xanthine oxidase accumulates in the dye- 
fed rats. There is some indication that a small 
amount of a nondialyzable inhibitor is present and 
that it affects primarily that portion of the en- 
zyme which is responsible for its reaction with air 
rather than the dehydrogenase portion of the 
enzyme. Dye metabolites are known to be protein- 
bound in the liver (15). It must also be concluded 
that under the influence of either a low-protein 
diet or the dye the liver actually contains less 
enzyme. The oxidation of urate by all these livers 
was not inhibited appreciably, especially when the 
urate was tipped in after 40 minutes (19). 

The in vitro addition of p-dimethylaminoazo- 
benzene to a normal rat liver homogenate had no 
effect on its xanthine oxidase activity. The me- 
tabolism of p-dimethylaminoazobenzene by the 
rat is known to give rise to compounds related to 
p-aminophenol (21); the oxidized or quinimine 
form of p-aminophenol is a potent and relatively 
specific inhibitor of xanthine oxidase (4). 

Endogenous resprration.—The endogenous respi- 
ration of the liver homogenate varied with its 
xanthine oxidase activity as previously described 
(19) and therefore varied with the protein content 
of the diet and the presence or absence of the dye 
in the diet. Figure 2 shows the average oxygen con- 
sumption curves for the rats maintained on 12 per 
cent casein and 12 per cent casein plus dye for 16— 
18 weeks. The decreased oxygen consumption of 
the livers from the dye-fed rats is apparent, and it 
is due to the lowered xanthine oxidase activity in 
the dye-fed rats. This was determined by a com- 
parison of the average endogenous curve of the 
livers from rats fed the 21 per cent casein diet plus 
dye with the curve in Figure 2 for the 12 per cent 
casein diet alone; both groups of rats had the same 
average xanthine oxidase activity (17¢ mm O,/20 
min), and both had identical endogenous respira- 
tion curves. The feeding of the dye had no addi- 
tional effect on the endogenous respiration curve 
beyond that which could be accounted for by the 
decreased xanthine oxidase activity of the livers. 
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Similarly, the rats on 12 per cent casein plus dye, 
8 per cent casein, and 8 per cent casein plus dye all 
had the same low xanthine oxidase activity (ap- 
proximately 3 ¢ mm QO,/20 min), and all had essen- 
tially the same low endogenous curve. The endoge- 
nous respiration curves for kidney, spleen, lung, 
and intestine were not appreciably affected by 
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Fic. 2.—The average oxygen uptake curves for liver homo- 
genates from rats fed 12 per cent casein diets for 16-18 weeks. 

Each curve is the average for six rats. Curve I = 12 per 
cent casein diet; Curve II = 12 per cent casein plus 0.06 per cent 
p-dimethylaminoazobenzene. Xanthine was tipped in at the 
arrows to give the dotted lines. Each Warburg flask contained 
1.7 cc. of a 1 + 5 liver homogenate, or 283 mg. fresh liver. 

Upper inset shows the net oxygen uptake due to the oxida- 
tion of xanthine for Curve I. The effect of added purified milk 
xanthine oxidase (XO) and methylene blue (MB) to the body 
of the Warburg flask is also shown. 

Numbers along curves refer to c.mm. O, per 20 minutes 
and the ratios by which the activity of the milk enzyme was 
increased in the liver, or the activity of the liver was increased 
by methylene blue. 

Lower inset shows corresponding values for Curve II. 


either the low protein diets or the feeding of the 
dye. Some smail differences of questionable sig- 
nificance were noted. 

Pathology.—The liver pathology of rats sacri- 
ficed after 1, 2, 4, and 6 months can be summarized 
as follows. The rats on the 21 per cent casein con- 
trol diet had essentially normal livers throughout 
the duration of the experiment. About one-half of 
the rats on the 12 per cent casein diet had a sig- 
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nificant amount of fatty infiltration. All the rats 
on the 8 per cent casein diet had some fatty infil- 
tration with marked fat deposition in over one- 
half of this group, particularly after 2 months on 
the diet. Changes characteristic of so-called hy- 
dropic degeneration were seen in a few of the ani- 
mals on the 12 per cent casein diet and in over one- 
half of those on the 8 per cent casein diet, espe- 
cially after 2 months. Early progressive cirrhosis 
was seen after 2 months in only two of the rats on 
the 8 per cent casein diet. All the above changes 
are characteristic of what might be expected from 
the low choline diets of variable protein content. 

The most characteristic finding in the group of 
rats fed the 21 per cent casein diet plus dye was a 
proliferation of the smaller bile ducts out from the 
portal area between parenchymal liver cells. This 
was not accompanied by any inflammatory or 
fibrotic reaction, and the proliferating cells were 
non-neoplastic in appearance. This feature was 
noted with increasing frequency after 1 month on 
this dye-containing diet. After 4 months of dye- 
feeding, some animals were continued for 6 weeks 
more on the dye-free diet alone, and this prolifera- 
tion was then seen with less frequency, although 
it still could be seen in a few animals. At the end 
of 6 months, four of fourteen rats had _ biliary 
cystadenomas, and one of these also showed a well 
developed hepatoma plus a separate bile-duct 
carcinoma without cirrhosis. 

Similar duct proliferation, although with less 
frequency, was seen in the group fed the 12 per 
cent casein diet plus dye, and this was accom- 
panied by a moderate amount of fatty infiltration. 
After 4 months on this dye-containing diet and 6 
weeks more on the diet alone, duct proliferation 
was no longer present, although the fatty change 
without cirrhosis was present. One animal in this 
group showed several foci of bile-duct carcinoma 
without cirrhosis after 6 months. 

The addition of dye to the 8 per cent casein diet 
produced some duct proliferation in addition to 
the fatty and hydropic changes noted on the diet 
alone. The duct proliferation was less frequent 
than was observed with the 12 per cent and 21 per 
cent casein groups. Occasional progressive cirrhosis 
was seen after 2 months, and two bile-duct carci- 
nomas were obtained, one at 2 months with slight 
cirrhosis and one at 4 months with no cirrhosis. 
No animals in this group survived for a 6-month 
study. 

Changes common to all animals on the various 
dye-containing diets were seen in the liver paren- 
chymal cells, especially those near the portal area. 
These cells were characterized by increased nuclear 


as well as cell size, prominent nucleoli, and a de- 
crease of cytoplasmic granules with increased eosin- 
ophilic staining quality of the cytoplasm. These 
changes were seen with increasing frequency as the 
time on the diets lengthened. After the dye was 
discontinued, most of these changes had disap- 
peared at the end of an additional 6 weeks. A few 
areas of apparently regenerating parenchymal cells 
were seen, but in no instance could these, with as- 
surance, be considered neoplastic. 


DISCUSSION 


The synergistic effect of diet plus dye in deplet- 
ing liver xanthine oxidase activity may be noth- 
ing more than a reflection of a more general effect 
on liver flavoproteins. The depletion of xanthine 
oxidase and other similar liver flavoprotein en- 
zymes by the diet-dye combination might be the 
primary effect that allows the carcinogenic process 
to be initiated. One mechanism by which such 
enzyme inhibitions could affect the carcinogenic 
process is through a blocking of the normal deg- 
radation of p-dimethylaminoazobenzene into 
nonearcinogenic metabolites (12). 

Xanthine oxidase might also be related to the 
carcinogenic process as one of the enzyme systems 
involved in nucleoprotein metabolism. With in- 
creasing attention being given to the role of the 
nucleoproteins in cancer, an inhibition of a key 
enzyme in their metabolism might have more than 
casual importance in the carcinogenic process. 
However, the following points do not support this 
concept: (a) this enzyme can be eliminated almost 
completely from the liver by dietary means alone, 
without cancer resulting; (b) the rats that de- 
veloped cancer on the 21 per cent casein diet had 
sub-normal but not depleted levels of liver xan- 
thine oxidase; and (c) all these rats excreted nor- 
mal levels of uric acid and allantoin, showing that 
nucleoprotein catabolism in the entire animal 
proceeded adequately in spite of the marked deple- 
tion of this enzyme in certain tissues. 

Changes in the blood xanthine oxidase suggest 
another possible mechanism for the action of the 
dye. As the liver enzyme is depleted by the low 
protein diet alone, the blood enzyme increases. It 
seems reasonable to believe that this represents a 
“leakage” of the liver enzyme into the blood 
stream. The dye-fed rats show a more severe deple- 
tion of their liver enzyme without any increase in 
the blood enzyme. Does this mean that a protein- 
deficient diet alters the liver in such a way that it 
cannot retain an enzyme such as xanthine oxidase, 
but that the enzyme is being synthesized con- 
tinuously, nevertheless? Does the lack of elevation 
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of the blood enzyme in the dye-fed rats signify 
that the enzyme is not being made? Does this in- 
dicate that a fundamental action of the dye is an 
inhibition of the synthesis of certain liver enzymes, 
such as xanthine oxidase? Other explanations of 
these results are equally possible, e.g., the blood of 
dye-fed rats may contain an inhibitor of xanthine 
oxidase, or the dye may affect the kidney in such 
a way that the blood enzyme is excreted. 

A comparison of the blood and liver xanthine 
oxidases, when both are calculated as ug. xanthine 
oxidized per hour per gram dry weight, shows that 
a liver activity of 1,000 units is about 24 times as 
active as the 56 blood units present in the same 
rats. When the liver enzyme has been depleted to 
250 units by a low protein diet, the blood has in- 
creased to 90 blood units at the same time, and the 
liver is then about 4 times as active. 


SUMMARY 


Rats were fed purified diets containing 21 per 
cent, 12 per cent, or 8 per cent casein with or with- 
out added p-dimethylaminoazobenzene. At the 
end of 1, 2, and 4 months, six rats from each of the 
six dietary groups were analyzed for xanthine oxi- 
dase in the liver, kidney, lung, spleen, intestine, 
and blood. A method for determining blood xan- 
thine oxidase was described. 

By comparison with chow-fed rats, the purified 
21 per cent casein diet alone decreased the xan- 
thine oxidase somewhat in the liver, spleen, lung, 
and intestine, but not in the kidney. The 8 per 
cent casein diet gave a further marked decrease in 
the liver enzyme only, and a marked increase in 
the blood xanthine oxidase. 

p-Dimethylaminoazobenzene decreased — the 
xanthine oxidase in kidney and blood, irrespec- 
tive of diet, and decreased the enzyme in liver 
synergistically with a low protein intake; the dye 
had no depressant effect on the xanthine oxidase 
in lung, spleen, or intestine. 

The same xanthine oxidase activity was found 
in the liver homogenates after dialysis. The ac- 
tivity of added milk xanthine oxidase was in- 
creased slightly more in the liver homogenates of 
dye-free rats than in dye-fed rats. Methylene 
blue added to the liver homogenate in the aerobic 
test system increased the xanthine oxidase activity 
more in the dye-fed rats than in the controls. The 
effect of methylene blue on the xanthine oxidase 
activity of the liver homogenate was lost on dialy- 
sis, especially with livers from the low protein 
groups. These results indicated that the livers of 
dye-fed rats contained a small amount of non- 
dialyzable inhibitor of xanthine oxidase that af- 


fected primarily the auto-oxidizable rather than 
the dehydrogenase portion of the enzyme. The 
livers also contained less enzyme than the dye-free 
controls. The effect of the dye in decreasing the 
endogenous respiration of the liver homogenate 
was due to a decreased xanthine oxidase activity 
of the liver. 

The low protein diets were characterized by 
fatty infiltration and hydropic degeneration of the 
liver. Dye feeding led to bile-duct proliferation 
and cystadenomas in the 21 per cent casein group 
and bile-duct carcinomas in the. other dietary 
groups. 

REFERENCES 


1. ANtopoL, W., and Unna, K. The Effect of Riboflavin on 
the Liver Changes Produced in Rats by p-Dimethyl- 
aminoazobenzene. Cancer Research, 2:694—96, 1942. 

2. Axe.Lrop, A. E., and Etvensem, C. A. The Xanthine Oxi- 
dase Content of Rat Liver in Riboflavin Deficiency. 
J. Biol. Chem., 140:725-38, 1941. 

3. Batt, E. G. Xanthine Oxidase: Purification and Proper- 
ties. J. Biol. Chem., 128: 51-67, 1939. 

4. Bernuem, F., and Bernuem, M. L. C. The Action of 
p-Aminophenol on the Xanthine Oxidase of Liver. J. Biol. 
Chem., 123:307-15, 1938. 

5. Corran, H.S.; Dewan, J. G.; Gorpvon, A. H.; and GREEN, 
ID. E. Xanthine Oxidase and Milk Flavoprotein. Biochem. 
J., 33: 1694-1706, 1939. 

6. Grirrin, A. C., and Baumann, C. A. The Effect of Cer- 
tain Azo Dyes on the Storage of Riboflavin in the Liver. 
Arch. Biochem., 11:467—76, 1946. 

7. Harris, P. N.; Kranz, M. E.; and Ciowes, G. H. A. 
p-Dimethylaminoazobenzene Carcinogenesis with Puri- 
fied Diets Varying in Content of Cysteine, Cystine, Liver 
Extract, Protein, Riboflavin and Other Factors. Cancer 
Research, 7: 162-75, 1947. 

8. ———. The Effect of Biotin upon p-Dimethylaminoazo- 
benzene Carcinogenesis. [bid., pp. 176-77, 1947. 

9. Katcxar, H. M., Differential Spectrophotometry of 
Purine Compounds by Means of Specific Enzymes. I. 
Determination of Hydroxy Purine Compounds. J. Biol. 
Chem., 167:429-43, 1947. 

10. KeNnsLerR, C. J.; Suciura, K.; and Ruoaps, C. P. Co- 
enzyme I and Riboflavin Content of Livers of Rats Fed 
Butter Yellow. Science, 91:623, 1940. 

11. Kenster, C. J.; Sucrura, K.; Youne, N. F.; Hater, 
C. R.; and Ruoaps, C. P. Partial Protection of Rats by 
Riboflavin with Casein against Liver Cancer Caused by 
Dimethylaminoazobenzene. Science, 93:308-10, 1941. 

12. Kensuer, C. J. The Influence of Diet on the Ability of 
Rat Liver Slices To Destroy the Carcinogen N, N-dimethyl- 
p-aminoazobenzene. Cancer, 1:483-88, 1948. 

13. Kune, B. E.; J. A.; Ruscn, H. P.; and Bav- 
MANN, C. A. The Carcinogenicity of p-Dimethylaminoazo- 
benzene in Diets Containing the Fatty Acids of Hydro- 
genated Coconut Oil or of Corn Oil. Cancer Research, 
6: 1-4, 1946. 


14. . Certain Effects of Dietary Fats on the Production 


of Liver Tumors in Rats Fed p-Dimethylaminoazobenzene. 
Ibid., pp. 5-7, 1946. 

15. Miuuer, E. C.,and Mruer, J. A. The Presence and Signif- 
icance of Bound Aminoazo Dyes in the Livers of Rats 
Fed p-Dimethylaminoazobenzene. Cancer Research, 7: 
468-80, 1947. 


a 
; 
: 
lo 
S 
S 
‘ 
- 
= 
- 
- 4 
_ 
4 
4 
l 
> 
4 
) 
| 
re 
J 
. 


494 


Cancer Research 


16. 


17 


18 


19 


Miter, E. C.; Miuuer, J. A.; Kure, B. E.; and Ruscn, 
H. P. Correlation of the Level of Hepatic Riboflavin with 
the Appearance of Liver Tumors in Rats Fed Aminoazo 
Dyes. J. Exper. Med., 88:89-98. 1948. 

Miter, J. A.; Mrner, D. L.; Ruscu, H. P.; and Bau- 
MANN, C. A. Diet and Hepatic Tumor Formation. Cancer 
Research, 1:699—708, 1941. 

J. A.; Kure, B. E.; Ruscu, H. P., and Bau- 
MANN, C. A. The Effect of Certain Lipides on the Carcino- 
genicity of p-Dimethylaminoazobenzene. Cancer Re- 
search, 4:756-61, 1944. 

Ricuert, D. A.; Epwarps, S.; and WESTERFELD, W. W. 
On the Determination of Liver Xanthine Oxidase and the 
Respiration of Rat Liver Homogenates. J. Biol. Chem., 
181: 255-71, 1949. | 


20. 


2 


22 


23. 


Q4. 


Ricuert, D. A., and WesterRFELD, W. W. Purine Metabo- 
lism in Rat Liver Homogenates. J. Biol. Chem., 184: 203- 
9, 1950. 

STEVENSON, E. S.; Dospriner, K.; and Ruoaps, C. P. 
The Metabolism of Dimethylaminoazobenzene (Butter 
Yellow) in Rats. Cancer Research, 2: 160-67, 1942. 

pu VIGNEAUD, V.; SPANGLER, J. M.; Burk, D.; KeENsLEr, 
C. J.; Suarura, K.; and Ruoaps, C. P. The Procarcino- 
genic Effects of Biotin in Butter Yellow Tumor Forma- 
tion. Science, 95: 174—76, 1942. 

WEsTERFELD, W. W., and Ricuert, D. A. A New Dietary 
Factor Related to Xanthine Oxidase. Science, 109:68, 
1949. 

———. The Xanthine Oxidase Activity of Rat Tissues. 
Proc. Soc. Exper. Biol. & Med., 71: 181-84, 1949. 


| 
‘ al . 
> * 
ing 
|| 
3 
4 
Poy 
fgg. 
& 
- 
| 


Application of the Seibert Iryptophane-Acid 
Reaction to the Serum of Malignancy 


Riecer, Pu.D., ANp Peccy R. Bearry, B.A. 


(From the Harrison Department of Surgical Research, School of Medicine, University of Pennsylvania, and the Surgical 
Clinic of the Hospital of the University of Pennsylvania, Philadel phia) 


In 1947 Seibert, Seibert, Atno, and Campbell 
(3) reported that the polysaccharide content of 
serum, as determined by the carbazole reaction of 
Dische, was increased in tuberculosis, the degree of 
increase roughly paralleling the degree of severity 
of the disease. In addition, the average polysac- 
charide content of the serum was shown to be in- 
creased in carcinoma, and in Boeck’s sarcoid. 

In 1948 Seibert, Pfaff, and Seibert (2), believing 
the significant polysaccharide to be associated with 
alpha-globulin, thought that it might be of a nu- 
cleic acid nature, since alpha-globulin has been 
shown to be increased in conditions characterized 
by tissue destruction. The method of Seymour 
Cohen (1) for the carbohydrate of desoxyribose- 
nucleic acid consisting of heating with perchloric 
acid and tryptophane, with production of a pink 
color, was therefore applied to serum. This reac- 
tion is more specific for desoxyribose than is the 
Dische carbazole reagent. In Cohen’s method, 
desoxyribosenucleic acid is hydrolyzed by the 
perchloric acid, and the carbohydrate condenses 
with the tryptophane to give a colored compound. 
Cohen has shown that, although many substances 
under these conditions produce colored com- 
pounds with tryptophane, of the ones he studied 
only fructose, in comparable amounts, gives a 
color similar to that produced by desoxyribose. 
Whether or not the color produced when the re- 
action is applied directly to serum is due to des- 
oxyribose has not been determined. The color dif- 
fers somewhat from that of the desoxyribose com- 
pound, and absorption spectra on dialysates from 
serum fail to reveal an absorption maximum at 
260 my (2). Fructose is not present in serum in 
amounts sufficient to account for the reaction (2). 
Seibert, Pfaff, and Seibert reported values ob- 
tained by this method on 134 patients, showing 
that there was a statistically significant difference 
between the mean values for groups of minimal, 
moderately advanced, and far advanced _ tuber- 
culosis. In fifteen cases of carcinoma the amount 
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of color produced was also above the average value 
for the normal group. The authors suggested that 
this test might have usefulness as a diagnostic aid 
in malignant disease. 

Using the procedure of Seibert ef al., we have 
studied 250 cases, as summarized in Figure 1. The 
results are expressed in Klett colorimeter scale 
readings as advocated by Seibert. The determina- 
tions were carried out as described by Seibert, i e., 
to 0.25 ml. of serum in 0.75 ml. of 0.9 per cent so- 
dium chloride were added 2 ml. of a 0.25 per cent 
solution of tryptophane and 3 ml. of 60 per cent 
perchloric acid. In place of the “serum control” 
used by Seibert which consisted simply of 0.25 ml. 
serum in 5.75 ml. of saline, we have substituted 
«a serum control of 0.25 ml. of serum, 2.75 ml. of 
0.9 per cent sodium chloride, and 3 ml. perchloric 
acid. This is then filtered just as are the solutions 
containing tryptophane in the actual determina- 
tion. All tubes, both determinations and controls, 
were read against a blank consisting of saline and 
perchloric acid. 

Several hundred sera have been examined by 
this method. The results on the 250 given in the 
following tables and charts are representative. We 
tried to be as objective as possible in doing the 
tests. The sera were received from the Robinson 
Foundation of the University of Pennsylvania, 
which is conducting a study of the Huggins test.! 
The samples were in numbered tubes, and the per- 
son doing the test knew nothing at that time of the 
status of the patients whose sera were being stud- 
ied. Huggins tests were also run on the same sera 
(by the Robinson Foundation Laboratory). A 
comparison of results by the two tests is to be re- 
ported later. 

Of the 250 patients reported here, 100 had 
proved malignancies of various types and loca- 
tions; 50 had diseases requiring hospitalization, 
other than cancer or tuberculosis; the remaining 
100 constituted our normal group. The normal 
group requires further explanation: They were 
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people who came to the Cancer Detection Clinic for 
examination and were suffering from many dis- 
abilities—most of them minor, but including many 


mal, and, if this is so, then 33 per cent of the 
values of our malignant cases were within the nor- 
mal range, and a considerably greater percentage 


cases of hypertension and chronic cystic mastitis. 
They were, therefore, not healthy, but we felt that 


they served our purpose better because they repre- 


sented the particular age group (40-60) on which a 
test for cancer would be especially valuable. 
Because Seibert had reported only 40 normals 
determined by this method, and because we had 
made a slight change in the method, we wished to 


of the values for the malignant group were within 
the range of the nonmalignant disease group. This 
means that a large percentage (33 per cent) of 
malignancies will give “false negative” readings. 

It is also true that what may be looked upon as 
“false positive” values (i.e., values above 75) may 
be found in a certain number of supposedly normal 
persons. However, with this test we have found, 
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Fic. 1.—Frequency distributions in the tryptophane-acid reactions 


establish our own normal range and used these 100 
cases for that purpose. None showed clinical symp- 
toms of malignant disease, and all had a normal 
Huggins test. None were hospitalized. 


RESULTS 


In Figure 1 are shown the frequency distribu- 
tions, range of values, means, and the significance 
of differences between the means. The differences 
between the mean values for each of the groups are 
highly significant. However, the overlapping of 
values between the groups is so great as to make 
the use of the test extremely hazardous in the diag- 
nosis of cancer. Our highest normal value was 75, 
which also represents the upper limit of 20. Any- 
thing above this value may be considered abnor- 


among 200 patients examined in the Cancer De- 
tection Clinic and free of clinical symptoms of can- 
cer, only one with a serum value above 75 (the 
value for this serum was 76). 

We have noted that our percentage of correct 
diagnoses in cases of malignancy has been decreas- 
ing as we have increased the number of patients 
studied. The same is true in a study of the Huggins 
test.! This may be due at least in part to the fact 
that we are now examining a larger number of pa- 
tients on the surgical service who perhaps are in a 
somewhat earlier stage of their disease than are 
many of the patients whom we see in the medical 
wards. Separation of the two groups of patients 
shows (Table 1) that the percentage of correct di- 
agnoses in the medical group is 74 per cent, in the 
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surgical group 57 per cent. The correlation of the 
results of the test with the stage of advance of the 
disease is being studied further. 

Agreement between the results of the Seibert 
test and of the Huggins test, done on the same 
sera, Is close.! The overlapping of the values for 
the normal, nonmalignant disease, and malignant 
disease groups are approximately the same for the 
two tests. 

TABLE 1 
PATIENTS WITH MALIGNANCY 


Seibert test Seibert test Per cent 


over 75 under 75 abnormal 
Surgical patients (44) 35 19 57 
Medical patients (56) 41 15 74 


While this work was in progress, Shetlar, Fos- 
ter, Kelly, Shetlar, Bryan, and Everett (5) re- 
ported results of a test utilizing tryptophane and 
sulfuric acid instead of perchloric. They believed 
they were determining a mixture of galactose and 
mannose resulting from hydrolysis of a_poly- 
saccharide containing these two sugars plus glu- 
cosamine (4). The glucosamine, at the wave length 
used (500 mu), was not measured to any great ex- 
tent. Comparison of the Shetlar and Seibert proce- 


dures (4) showed good correlation but not absolute 

agreement. Use of both Seibert and Huggins tests 

on the same sera? somewhat increases the percent- 
age of correct diagnoses, but even when both tests 
are used, the diagnosis of malignancy is hazardous. 

The use of this test may have a certain limited 
value in the Cancer Detection Clinic, where abnor- 
mal values indicate an abnormality in metabolism 
which should suggest a re-examination of such 
patients. 
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Catalase Studies on Normal and Cancerous Rats* 


Davip APPLEMAN, Epwin R. SKAVINSKI, AND ABRAHAM M. STEIN 


(From the College of Agriculture, University of California, Los Angeles) 


Several investigators have studied the effect of 
tumor growths on the activity of catalase in the 
liver (7, 8, 18, 16), kidney (7, 8, 9), and erythro- 
cytes (7) of various animals. Brahn (1) originally 
reported a decreased catalase activity in the livers 
of humans with malignant growths. Some of the 
more recent work has been concerned with the ef- 
fects of inanition (10, 11) and the dietary protein 
level (16) upon the liver catalase of normal and 
cancerous rats. Greenstein and associates (9) have 
reported that a 3-day starvation period leads to no 
decrease of rat liver catalase, whereas Miller (10, 
11) has shown that a 7-day period produces a defi- 
nite drop in catalase activity which is greater than 
or approximately equal to the liver protein loss. 
Weil-Malherbe and Schade (16) have reported 
that the dietary protein level has little effect on the 
ability of the tumor to produce drastic reductions 
of rat liver catalase. Diets containing 8 per cent 
and 45 per cent casein showed no change in the 
liver catalase of normal rats, whereas the intra- 
peritoneal injection of sheep serum produced a 
definite increase in the liver catalase of normal 
rats. The high level of dietary protein has, how- 
ever, resulted in increased tumor growth and less 
severe losses in original body weight of the rat. 

The extensive studies of various liver enzymes 
in cancerous animals by Greenstein and his associ- 
ates (3-6) and those mentioned above (1, 13, 16), 
particularly with respect to catalase, have estab- 
lished the following facts with respect to the effect 
of tumors on the relative activity of catalase in 
arlous organs: 

1. There is a decrease in liver catalase activity 
with the progressive growth of the tumor. Within 
2-3 weeks after tumor implantation, the activity 
may be as low as 1/10 to 1/20 of the original 
value. 

2. The effect of the tumor growth is reversible, 
the liver catalase returning to normal 24—48 hours 
after removal of the tumor. 

3. There may be large individual variations of 


* This investigation was aided by a grant from the Uni- 
versity of California cancer research funds. 
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liver catalase activity in cancerous animals seem- 
ingly in the same state of tumor development. 

4. The kidney catalase is affected by tumor 
growth to a much lesser degree than liver catalase. 
The erythrocyte catalase is not affected. 

5. Attempts to find activators, toxic substances, 
or inhibitors in the blood and other organs have 
proved fruitless, and it is believed that there has 
been an actual decrease in concentration of cata- 
lase in the liver. This is believed to be due to inter- 
ference with the synthetic process necessary for 
maintenance of the catalase concentration in the 
liver. Recently, Nakahara and Fukuoka (12) have 
reported a toxic fraction extracted from human 
tumors which lowers the liver catalase activity in 
mice when injected intraperitoneally in 100-mg. 
quantities. 

6. The drastic reduction of catalase compared to 
other liver enzymes and the fact that implantation 
of growing embryonic tissue and pregnancy (6) 
do not affect the liver catalase are evidence in fa- 
vor of the specific ability of the tumor to produce 
a decrease in liver catalase activity. However, the 
observations on the effect of the dietary protein 
level on liver catalase do not preclude the possi- 
bility of the nonspecificity of the tumor in produc- 
ing a decrease liver catalase activity. 

The similar structural chemical relationship be- 
tween catalase and hemoglobin and data in the 
literature (14, 15), which indicate a possible cor- 
relation between the simultaneous occurrence of a 
decreased liver catalase activity and a severe ane- 
mia, suggested that interference with erythropoie- 
sis and catalase synthesis were closely related. 
This hypothesis might indeed be tested readily by 
determining the liver catalase activity of animals 
with various types of anemias. The above facts in 
conjunction with the effect of inanition (10, 11) 
and the exaggerated protein requirements of a 
rapidly growing tumor, as possible causes for de- 
creased liver catalase activity, led to some quanti- 
tative studies to determine the changes in the 
total units of catalase activity in the liver, eryth- 
rocytes, and kidneys of normal, cancerous, and 
protein-depleted rats. An attempt is made to show 
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variations in the major organs containing catalase 
when corrections are made for variations in size 
due to the presence of the tumor or to other ex- 
perimental conditions. 


MATERIALS AND METHODS 

lnimals.— Adult rats of both sexes of a Long- 
Evans black-hooded strain were used for all the 
experimental work. Individual groups were usually 
selected so that they were all the same age, within 
very Close limits. They were maintained on a rou- 
tine diet of Rockland pellets with bi-weekly sup- 
plements of lettuce or cabbage greens. (The rou- 
tine diet contained approximately 21 per cent pro- 
tein. ) 

The essentially protein-free diet consisted of 80 
per cent cornstarch, 15 per cent Wesson oil, 4 per 
cent U.S.P. salt mixture No. 2, 1 per cent cod liver 
oil, and appropriate quantities of thiamine, ribo- 
flavin, pyridoxine, nicotinamide, niacin, choline, 
and calcium pantothenate. 

Tumors.—All experimental animals were im- 
planted subcutaneously with active fibrosarcoma 
transplants (Series No. 8), originally induced by 
subcutaneous injections of methylcholanthrene. 
Data are available on the amino acid composition 
of this fibrosarcoma and homologous normal tis- 
sue (2). Methods of tumor transplantation were 
similar to those reported in the preceding refer- 
ence. One series of experimental animals was im- 
planted with the Jensen rat sarcoma. 

Preparation of tissues for analysis.—The animal 
was anesthetized with ether, and 1 ml. of a 1.5 per 
cent solution ef vital red dye in 0.85 per cent saline 
solution was injected into the jugular vein using a 
27-gauge needle and a tuberculin syringe. The ab- 
dominal cavity was exposed, and after approxi- 
mately 6 minutes the animal was exsanguinated by 
removing the blood from the abdominal aorta by 
means of a syringe rinsed with a saline solution of 
heparin, of suitable concentration to prevent clot- 
ting. Aliquots of the blood samples were used as 
follows: (a) A 1-ml. sample for catalase estimation 
was placed into volumetric flasks and stored in the 
frozen state. The cells were hemolyzed and appro- 
priatety diluted with buffer for the estimation of 
catalase. (b) A 1-ml. sample was diluted to 100 ml. 
with 0.85 per cent saline, aliquots centrifuged, and 
the concentration of dye in the supernatant solu- 
tion compared with a standard using the Klett- 
Summerson colorimeter with a No. 54 green filter. 
With reasonable care no significant error is intro- 
duced due to hemolysis of erythrocytes. This pro- 
cedure supplied the data necessary for calculation 
of the blood volume. (c) A 4-ml. sample diluted 
with 0.85 per cent saline was centrifuged for 30 


APPLEMAN et al.— Catalase in Normal and Cancerous Rats 499 


minutes at 2,500-8,000 r.p.m. to determine the 
cell volume. Hemoglobin, nitrogen, and hemato- 
crit determinations performed on. saline-washed 
erythrocyte samples of cancerous and normal rats 
showed that the hemoglobin and nitrogen content 
could be closely correlated with the volume of 
packed blood cells. Thus, the hematocrit value or 
total red blood cell volume would be directly pro- 
portional to the corresponding hemoglobin value. 

The liver, kidneys, and spleen were removed, 
rapidly weighed, and immediately placed in a deep 
freeze unit. The liver and erythrocyte catalase ac- 
tivity was determined on the same day that the 
animal was sacrificed. Kidney catalase was deter- 
mined after 1-4 days of storage in the deep freeze, 
most cases not exceeding 2 days of storage. Pre- 
liminary tests indicated that whole liver tissue 
stored for 1 week showed no loss of catalase ac- 
tivity. As preliminary tests on the catalase activity 
of spleen and bone marrow of normal and cancer- 
ous rats showed no distinctly significant differ- 
ences, the spleen weight was determined only to 
find the degree of enlargement associated with tu- 
mor growth. 

The whole liver was ground 10 minutes at 0° C. 
with 5 times its weight of M/15 phosphate buffer 
of pH 7.0 in a small size monel metal Waring 
blendor. This homogenate was appropriately di- 
luted with the buffer for the catalase determina- 
tion, and 5-ml. aliquots were taken for the deter- 
mination of nitrogen by the customary semi-micro 
Kjeldahl method. The kidneys were homogenized 
similarly with 25 ml. of phosphate buffer regard- 
less of weight, and similar methods of catalase and 
nitrogen determinations employed. 

Estimation of catalase activity.— The enzymatic 
activity of the various tissues was determined by 
measuring the rate of oxygen evolution from H,O, 
manometrically. The conditions for the determina- 
tions were as follows: temperature, 0° C., pH, 7.0; 
5 ml. of 1.2 Nn H,O.; 1 ml. enzyme. 

All dilutions of the substrate and enzyme prepa- 
rations were made with M/15 phosphate buffer. 
The enzyme concentration was adjusted by proper 
dilution to approximately the same range of ac- 
tivity in order that the ratio of substrate to en- 
zyme concentration was fairly constant. Prelimi- 
nary investigations were performed with erythro- 
cyte and liver catalase solutions in order to select 
a substrate to enzyme concentration which showed 
a constant proportionality with enzyme concen- 
tration even with appreciable variations of sub- 
strate. The proportionality between enzyme ac- 
tivity and concentration, at any reaction rate over 
a limited range, makes it possible to express en- 
zyme activity in terms of arbitrary units. The ar- 
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bitrary unit is defined as that amount of catalase 
which will liberate 1 ml. of oxygen per second from 
a 1.0 N H.Q: solution at 0° C. 

Enzyme and nitrogen determinations were per- 
formed in duplicate, the average values of the re- 
sults obtained being used to calculate the unit 
enzyme content. The usual rate of oxygen evolu- 
tion corresponded to approximately 2 ml. per 
minute, and calculation of the enzyme activity 
was obtained by determining the maximum initial 
reaction rate. The error in the catalase determina- 
tion is less than 5 per cent. 


RESULTS 


All the pertinent data are given in the tables. 
Catalase activity is calculated on the bases of ni- 
trogen, fresh tissue weight, total weight of the ani- 
mal, and a corrected body weight which does not 
include the weight of the tumor. 

Liver catalase activity —Our experimental results 
confirm in a general way the observations of other 
investigators—namely, that rats with growing 
tumors suffer a loss of liver catalase activity, but 
the decrease in catalase is neither as large nor as 
consistent as those reported by Greenstein and co- 
workers. In no case did liver catalase drop to less 
than 20 per cent of normal, even in animals where 
the tumor composed 30 per cent of body weight. 
And only rarely did we obtain so large a de- 
crease. The failure to obtain as low values as other 
investigators may be an apparent one, occasioned 
by a difference in the method used for the deter- 
mination of catalase activity. 

A comparison of Tables 1 and 2 for the UCLA 
fibrosarcoma and the Jensen rat sarcoma shows 
very clearly that the catalase loss from the liver is 
much greater and more consistent in the latter 
tumor. In fact, when the liver catalase activity is 
calculated on the basis of units per 100 gm. body 
weight, as we have done in these tables, a large 
number of rats bearing the UCLA fibrosarcoma 
approach the normal value for liver catalase. 

Tt will be pointed out later that usually when 
the liver catalase is only slightly reduced, other 
phenomena characteristic of tumor-bearing rats 
are not apparent. 

Erythrocyte catalase-—In the UCLA fibrosarco- 
ma the erythrocyte catalase activity per unit cell 
volume remains practically the same as in normal 
animals. The same is essentially true of the rats 
with the Jensen sarcoma. It should be noted, how- 
ever, that in the UCLA fibrosarcoma the volume 
of erythrocytes per 100 gm. of total weight is 
within the normal range; this is not the case in 
rats with the Jensen sarcoma. These show a drop 


in the unit volume of erythrocytes to between 60 
per cent and 80 per cent of normal; this, in spite 
of the relatively large increase in blood volume. 

Kidney catalase.—The activity of catalase in the 
kidneys of cancerous rats suffers a decrease with 
both tumors. However, when the catalase is caleu- 
lated in units per 100 gm. of body weight, most 
of the values fall within the normal range. 

Other effects of cancer on the host.—In general, 
the liver of a tumor-bearing rat is increased in size 
above that of normal—the increase may be as 
great as 60 per cent. This is more striking in the 
Jensen sarcoma than in the UCLA fibrosarcoma. 
A high degree of spleen enlargement was also ob- 
served. 

In most cases where the tumer is advancing to 
the stage where there is a definite decrease in liver 
catalase, the blood volume of the animal per 100 
gm. of total weight is increased 25-50 per cent 
above the normal values. The erythrocyte volume 
per 100 gm. total weight either remains virtually 
normal, as in the case of the rats with the UCLA 
fibrosarcoma (Table 1), or suffers an appreciable 
decrease as in the case of animals with the Jensen 
sarcoma. In either case, the higher blood volume 
exaggerates the drop in the hematocrit, and it may 
indicate an apparent anemia when no true anemia 
exists. 

Figure 1 gives a graphic relationship between 
tumor size as related to body weight and blood 
volume. It should be pointed out that the cluster 
of points which do not fit the graph represents rats 
bearing the UCLA fibrosarcoma; although these 
animals developed large tumors, their liver cata- 
lase was within the normal range. It is regrettable 
that data were not obtained with the Jensen sar- 
coma at early and intermediate stages of tumor 
growth. 

Effects of a protein-free diet.—The results of this 
experiment are summarized in Table 3. All ani- 
mals placed on the diet suffer a fairly rapid loss of 
liver catalase. After approximately 10 days of the 
protein-free diet, the liver catalase stabilizes at 
approximately one-half the normal value, and it 
remains there for the duration of the experiment 
—53 days. Returning the animal from the protein- 
free diet to a normal diet (21 per cent protein) for 
24-48 hours restores the liver catalase to a normal 
value (Table 3). 

It is of interest to note that, although protein- 
depleted rats show a decrease in liver catalase of 
the same magnitude as rats with growing tumors, 
they do not show the other accompanying phe- 
nomena of the tumor-bearing rat. The size of the 
liver, the blood volume, erythrocyte volume, and 
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the size of the kidney remain approximately con- 
stant. Kidney catalase activity is definitely above 
normal, regardless of the method of calculation. 


DISCUSSION 


Large individual variations in liver catalase oc- 
curring in animals apparently at similar levels of 
tumor growth have been observed by other inves- 
tigators. At no time, however, have we observed 
such drastic decreases as those reported by 
Greenstein and co-workers (7-9) and Weil-Mal- 
herbe and Schade (16). There may be a number of 
reasons for this discrepancy, such as differences in 
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Fic. 1.—The effect of tumor size on blood volume 


the strain of rats, the type of tumor used, the diet, 
and differences in the experimental technic em- 
ployed. The data reported here were obtained by 
the use of the Long-Evans strain of hooded rats. It 
is possible that other strains may suffer a greater 
loss in liver catalase. Normal rats of other strains, 
such as August and Wistar, have the same liver 
catalase activity as the Long-Evans. We have also 
used two types of tumors. The diet which was used 
is a standardized commercial diet that is widely 
used. Therefore, it is our feeling that the observed 
discrepancy between our results and those of other 
investigators is due in large part to the different 
experimental technics used for the catalase deter- 
mination. We found that liver extracts made with 


5 times their weight of phosphate buffer or water 
suffered losses of activity when stored overnight 
at 0° C. Recalculating our catalase activity values 
determined by the method described above on 
normal rat liver, on the same basis as that given by 
Greenstein, we obtain a value of 2.9 ml. of oxygen 
per second for 0.6 mg. total nitrogen at 0° C. com- 
pared to 1.7 at 25° GC. given by Greenstein. 

The differences in the decrease of liver catalase 
suffered by rats with the UCLA fibrosarcoma, as 
compared to those with the Jensen sarcoma, are 
significant. They do not, however, seem to corre- 
late with size of tumor or with the rate of growth 
as determined by the length of time from implan- 
tation to the attainment of a given size. It is con- 
ceivable that the two tumors have different “‘incu- 
bation periods,” and the actual rate of growth after 
incubation may be much faster in the Jensen sar- 
coma than in the UCLA fibrosarcoma. The possi- 
bility also exists that the observed differences are 
due to some inherent characteristic properties of 
the tumors, independent of growth rate. Whatever 
may be the reason for the difference in the effect on 
liver catalase by the two tumors, it is, we believe, 
significant that a high percentage of rats with the 
UCLA fibrosarcoma may have a large tumor (be- 
tween 15 and 30 per cent of body weight), which 
grew in 3 weeks or less, and still have a liver catalase 
activity approaching a normal value, when calcu- 
lated on a body weight basis. While this situation 
is quite general in the UCLA fibrosarcoma, it is 
also true in approximately 30 per cent of the rats 
with Jensen sarcoma. It is felt that this is too gen- 
eral an occurrence to be credited to individual ani- 
mal variation and therefore should be considered 
seriously and some other interpretation at- 
tempted. 

Body weight as a basis for reporting biological 
phenomena is not an uncommon practice. Nutri- 
tional requirements and dosages are almost uni- 
versally so determined, and more recently enzyme 
activities have been reported on this basis. We 
may justify the unconventional use of this basis in 
this paper, not only because it takes into account 
the quantitative changes in both the organ being 
studied and the animal body, but also because it 
seems to be a more logical basis than merely re- 
porting the activity “‘concentration”’ of an enzyme 
which, although located in a given tissue, seems to 
have a relationship to the body as a whole. Calcu- 
lations on a tumor-free weight are presented for 
comparison and may or may not be justified. 

The use of a protein-free diet is one of a number 
of means attempted to influence liver catalase ac- 
tivity. It has been reported that iron and copper 
deficiencies in the diet cause decreased liver cata- 
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lase activity (14). In some preliminary experi- 
ments we produced marked liver catalase reductions 
by producing anemia with a folic acid antagonist, 
but observed no reduction of erythrocyte cata- 
lase. The production of polycythemia by subcuta- 
neous injections of cobalt has also resulted in a de- 
crease of liver catalase activity. Our work on in- 
anition confirms the results reported by Miller 
(10, 11). Animals starved for 5—7 days suffer a loss 
of liver catalase of approximately the same mag- 
nitude as rats on a protein-free diet. The results 
are, however, more variable. The most significant 
result of this experiment is the remarkable con- 
stancy of the new level of liver catalase, which de- 
velops in 7-10 days and persists as long as the ani- 
mals are kept on a protein-free diet. It would seem 
as if this lower limit of liver catalase is a minimum, 
essential for the survival of the animal. When liver 
catalase drops below this level, the animal is evi- 
dently unable to carry on normal metabolic proc- 
esses for any significant time. The production of 
such a situation by growth of a tumor indicates a 
terminal condition leading to death in a short 
time. 

When the animal is returned to a normal diet, 
or for 24 hours on a high casein diet, liver catalase 
returns to a normal value in approximately the 
same time interval as in the case of a cancerous 
animal when the tumor is excised. It should also be 
noted that, although the liver catalase is reduced 
to approximately 50 per cent of normal, which is 
fairly close to the average reductions suffered by 
the tumor-bearing rats, this is not accompanied by 
the same phenomena that were observed in the 
case of the tumor-bearing rats. The size of the 
liver and the blood volume remains essentially nor- 
mal; the erythrocyte volume suffers a very small 
decrease, while the kidney catalase appears to in- 
crease with increased time on a protein-free diet. 
These changes are relatively minor as compared to 
those that occur in the tumor-bearing rat. 

The results reported in this paper, as well as 
many observations on cancerous animals where 
only one or two factors (blood volume or liver 
catalase, etc.) were determined and are therefore 
not included here, prompt us to suggest some pos- 
sible explanations of the observed phenomena. If 
we assume that in a normal rat liver catalase is in 
a steady state, i.e., the rate of its destruction is 
equal to the rate of synthesis, then it follows that 
any deviation from the normal is due to a dis- 
turbance in this dynamic equilibrium. Thus, in a 
cancerous rat, or a rat on a protein-free diet, the 
observed decrease in catalase activity of the liver 
may be brought about by either an increase in the 
rate of destruction or a decrease in the rate of syn- 


thesis. It is also possible that, in the case of tumor- 
bearing rats, the rate of catalase synthesis may re- 
main normal or even increase, but the rate of de- 
struction, due to tumor growth, is increased to 
such an extent that catalase activity continues to 
drop. In the case of the rats on a protein-free diet 
both the rates of synthesis and of destruction de- 
crease approximately to the same extent, resulting 
in a new steady state at a lower catalase activity. 

That some catalase synthesis continues in the 
tumor-bearing rat, even at fairly advanced stages 
of cancer growth, is evidenced by the fact that in 
the UCLA fibrosarcoma the erythrocyte volume 
per unit of total weight is maintained at a fairly 
constant level with a constant catalase activity. 
This indicates that new erythrocytes must be 
formed, since the total weight of the rat continues 
to increase. It follows, therefore, that both hemo- 
globin and catalase must be synthesized, because, 
as it has been pointed out earlier, there does not 
seem to be a decrease of either hemoglobin or 
catalase in the erythrocytes of tumor-bearing ani- 
mals. 

One may speculate that there is no relationship 
between the catalase synthesis in the liver and 
that in the erythrocytes. These may be quite in- 
dependent processes. The data obtained with rats 
on a protein-free diet support this supposition. 
Here the liver catalase drops to 50 per cent of nor- 
mal, while the erythrocyte volume and catalase 
activity remain constant. Since the average life of 
rat erythrocytes is approximately 30 days, it is 
evident that those animals in the experiment 
which were kept longer than 30 days had a com- 
plete replacement of their erythrocytes. Thus, the 
total erythrocyte catalase was either conserved or 
resynthesized, or the average life period of the 
erythrocytes was increased. 

The suggestion of Greenstein that the tumor 
‘by abstracting from the circulation some materi- 
al essential to the normal maintenance of the liver 
catalase”’ decreases the liver catalase, is not out of 
harmony with our observations. It is only neces- 
sary to add the additional supposition that the 
substance abstracted is specific for the synthesis 
of liver catalase and is not essential for the synthe- 
sis of catalase in the erythrocytes or the kidney, 
thus accounting for the numerous instances where 
only liver catalase is decreased and not the cata- 
lase in the erythrocytes or kidney. 


SUMMARY 


Comparative studies of catalase activity in the 
liver, kidney, and erythrocytes of normal, cancer- 
ous, and protein-depleted rats were made. The re- 
sults indicate: 
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1. Liver catalase activity decrease is more 
severe in the case of Jensen rat sarcoma than in the 
UCLA fibrosarcoma. In many cases the UCLA 
fibrosarcoma grew to the same size as the Jensen 
sarcoma in the same time interval, with the liver 
catalase activity and erythrocyte volume closely 
approaching that of normal rats. 

2. In our experience with either tumor, liver 
catalase has not been below 20 per cent of the nor- 
mal value. This is a less drastic effect than has 
been described in the literature. 

3. Kidney and erythrocyte catalase activity 
show small decreases, which may very well be 
within the experimental errors of the methods. 

4. Rats with growing tumors which suffer a loss 
in liver catalase also show an enlargement of the 
liver and the spleen and an increase in blood plas- 
ma. Cancerous rats with normal liver catalase ac- 
tivity show normal blood volumes and normal 
liver and spleen size. 

5. Rats kept on a protein-free diet suffer a drop 
in liver catalase activity to approximately 50 per 
cent of normal within 7-10 days from the time 
they were placed on the diet, and they remain at 
that level for 53 days or longer. When these ani- 
mals are returned to a normal diet, the liver cata- 
lase activity returns to a normal value within 1-3 
days, which is similar to the time required for re- 
covery of tumor-bearing rats after extirpation of 
the tumor. Kidney catalase activity is slightly 
higher than normal, while erythrocyte catalase 
remains normal. Rats on a protein-free diet show 
no changes in blood volume or liver and spleen 
size. 

6. Evidence for the synthesis of catalase in tu- 
mor-bearing rats is shown by the UCLA fibrosar- 
coma by the constant erythrocyte volume main- 
tained, with increasing total weight of the animal. 
The suggestion is made that the synthetic mech- 
anism for liver catalase is probably not disturbed. 
The reduction in the catalase activity may be due 
to either a more rapid destruction of liver catalase 


or the abstraction from the blood stream of some 
necessary constituent by the tumor. 
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Some Studies of the Excretion of Diazotizable Material 
after Feeding 2-Acetylaminofluorene to Rats 


Haro.p P. Morris, Ph.D., AND BENTON B. WeEsTFALL, Ph.D. 


(From the National Cancer Institute, Bethesda 14, Md.) 


INTRODUCTION 


The wide distribution throughout the body of 
the rat of substantial amounts of material meas- 
urable as 2-acetylaminofluorene (AAF), following 
its ingestion, has been demonstrated by Morris 
and Westfall (5).! Their observations that this dis- 
tribution was influenced by the intake suggested 
the probability of considerable variation in the 
excretion of this carcinogen, perhaps in propor- 
tion to the quantity ingested. The development of 
a sensitive quantitative chemical method for the 
estimation of AAF in biological materials, by 
Westfall (6) and Westfall and Morris (7), made 
possible a study of the excretion of diazotizable 
compounds in the rat, under conditions of tissue 
concentrations sufficient to induce cancer when 
the ingestion was continued for several weeks. The 
excretion studies reported herein were conducted 
on intakes of AAF ranging from an amount too 
low to induce cancer to near the maximum toler- 
ated by the rat. 


METHODS AND PROCEDURES 


Adult Buffalo strain rats (4) kept in metabo- 
lism-type cages were used. The urine was collected 
in Pyrex glass trays, from which the feces were 
excluded by a finely meshed galvanized wire cloth 
attached over the top of the tray.? 

Loss of fluid by evaporation always occurred 
under these conditions; hence, direct methods of 
collection were used to study urinary concentra- 
tion. Micturition was promoted by holding and an- 


1 The substance(s) found in the tissues or excreted in the 
urine are measured in terms of AAF, based on diazotization of 
the freed amino group. Our previously reported data on the 
solubility of the acetyl derivatives in aqueous solution (6) and 
Bielschowsky’s (1) isolation of the 7-hydroxy derivative from 
urine are strong evidence that the material fed has been al- 
tered in such fashion as to increase its urinary solubility. 
Our analyses depend on an intact, diazotizable amino group 
in the residual molecule and do not show whether the latter 
has been altered, e.g., to the hydroxyl, sulfate, or glycuronate, 
etc., derivative(s). The diazotizable derivatives, however, 
are calculated in terms of AAF as the standard of reference. 
The reader should keep the above limitations in mind. 


Received for publication April 29, 1950. 


noying the animals. The urine obtained was col- 
lected in a graduated glass tube. It was impossible 
to determine the completeness of emptying of the 
bladder under these conditions; however, to mini- 
mize such effects, no analytical value was retained 
which represented urine from a mixed sample of 
less than eight rats, and in addition collections 
were made on 2 different days. 

AAF dissolved in coconut oil was fed to the rats 
by stomach tube. By this procedure possible con- 
tamination of excretatory products with carcin- 
ogen from spilled food was avoided. It also in- 
sured ingestion of a predetermined quantity of 
AAF based on the body weight of the rat. 

2-Aminofluorene (AF) was determined quanti- 
tatively by diazotization of the acid-hydrolyzed 
acetone extract of the urine according to the 
method of Westfall (6). The results were calcu- 
lated as AAF and so expressed. 


EXPERIMENTAL RESULTS 


A group of Buffalo strain rats was placed in 
metabolism cages and fed synthetic diet 143 (3). 
Sixteen mg. of AAF per 100-gm. rat was admin- 
istered regularly € times weekly, by stomach tube, 
for several weeks before collecting the urine. The 
urine of ten rats was combined and analyzed for 
AF, but all values herein are expressed as AAF. 
The first sample was analyzed 24 hours after the 
last previous feeding. At this time there was ob- 
served a small residual quantity of AAF in the 
urine, which averaged approximately 5 mg. AAF 
per 100 milliliter of urine. Following the feeding of 
AAF there was a rapid rise in the urinary concen- 
tration to a peak between 4 and 6 hours after the 
feeding (Fig. 1). This peak concentration lasted for 


2 No preservative was used for the urine collected for the 
weekly intervals owing to the fact that all the commonly 
used ones (e.g., thymol, toluene, merthiolate, ete.) interfered 
with the subsequent estimation of the diazotizable material. 
Furthermore, Bielschowsky and Green (2) have shown that 
some fluorene derivatives are bacteriostatic. The urines col- 
lected directly were analyzed immediately. AAF added to nor- 
mal urine plus a small amount of food material (to simulate 
spillage of dietary material) and exposed for a week in the 
laboratory could be recovered quantitatively. 
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approximately 2 hours, following which there was 
a gradual decline in concentration of AAF in the 
urine, and 24 hours after administration the con- 
centration of AAF had almost reached the initial 
level. 

The rapid increase in urinary concentration of 
AAF followed by a slower decline over a long pe- 
riod suggests that the rat may have been able to 
render considerable amounts of the carcinogen no 
longer detectable by diazotization. This possibility 
was subjected to experimental test by setting up 
several groups of ten animals each and feeding 
them different levels of AAF, while simultaneously 
varying the frequencies of administration. These 
animals were all fed by stomach tube either 3 or 6 
times weekly. The animals were fed AAF for sev- 
eral weeks prior to the 1-week collection periods. 
The quantity of AAF fed during each weekly 
period varied from 0.25 to 16.0 mg/100 gm rat. 
The results of the studies on excretion in this ex- 
periment are illustrated in Figure 2. At a level of 
intake of 0.25 mg. AAF per week, designated as 
D3, only a trace of AAF was recovered in the 
urine—-which suggests that the animal is largely 
converting that amount of carcinogen to a form 
no longer diazotizable. Increasing the quantity of 
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Fic. 1.—Concentration of diazotizable AAF in rat urine 
during a 24-hour period. 


carcinogen fed increased step-wise the quantity of 
excreted AAF, as illustrated by columns C3, B3, 
and A3. The amount recovered as AAF was 10, 29, 
and 45 per cent, respectively. 

The per cent of the dose recovered in the urine 
was also affected by the frequency of administra- 
tion. This is illustrated in the two columns labeled 
A6 and A3 (Fig. 2). The total amount of AAF fed 
both groups was identical. This amounted to 16 
mg/100 gm rat/week. When this quantity of car- 
cinogen was ingested in six equal doses weekly, ap- 
proximately 28 per cent was recovered in the urine. 
When the same quantity of AAF was ingested in 
three equal doses weekly the quantity recovered in 


the urine approximated 45 per cent (Fig. 2). It was 
concluded from this experiment that the ingestion 
of very small quantities of AAF results in a very 
slight elimination of the diazotizable compound in 
the urine; when the total intake of AAF was very 
large the urinary excretion was greatly increased but 
did not exceed 45 per cent of the intake; less AAF 
was excreted in the urine when a large dose was 
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Fic. 2.—The per cent of the weekly dose of AAF recovered 
in the urine after feeding variable amounts either 3 or 6 
times weekly by stomach tube, as indicated by the number at 
the top of each column. 


given daily than when the same quantity was given 
thrice weekly. 

The excretion of AAF into the urine for a period 
of several weeks was next determined. A group of 
ten rats was placed in metabolism-type cages and 
fed by stomach tube 16 mg AAF/100 gm body 
weight/week. This amount was administered in 
three equal doses weekly. The urine was collected 
and analyzed for each week for a period of 5 weeks. 
Twenty-two per cent of the ingested dose was ex- 
creted during the first week, 25 per cent for 
the second and third weeks, 33 per cent for the 
fourth week, and 28 per cent for the fifth week 
(Fig. 3). Slightly less AAF was excreted dur- 
ing the first week than during the subsequent 4 
weeks, but the difference is not significant. There 
is no indication, therefore, that the rat is less able 
to excrete diazotizable derivatives after several 
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weeks of ingesting the compound than during the 
first week of ingestion. 

The excretion of diazotizable compounds in the 
urine of the rat following the final dose was meas- 
ured. The rats were confined in metabolism-type 
cages and the urine collected and analyzed for 
AAF after each 24-hour period. The rats had in- 
gested AAF for several weeks prior to the collec- 
tion period. They were fed by stomach tube 16 mg 
AAF/100 gm rat/week. The total dose of AAF in- 
gested by this group of rats was 90 mg. Thirteen 


30} 


PERCENT OF DOSE EXCRETED 


Fic. 3.—The average per cent of a 16-mg/100-gm body 
weight dose of AAF excreted in the urine weekly. 


mg. was found in the urine on the first day (Fig. 4). 
This rapidly decreased daily for a period of 6 days. 
On the sixth day only 2 mg. was present in the 24- 
hour period. Small amounts were excreted during 
the next 3 days, with none detected on the ninth 
day. The data do not indicate how much of the 
ingested AAF was present in, or excreted into, the 
digestive tract of the animals during the period of 
collection. It is presumed that AAF remained in 
the digestive tract for some time after the begin- 
ning of the urinary collection. The results indicate 
rapidly decreasing elimination of diazotizable 
compounds in the urine of the rat for a period of 
less than 9 days following a single dose. 


DISCUSSION 


The data of Morris and Westfall (5) on the dis- 
tribution of AAF in the rat after a single dose 
show a peak concentration in the plasma, liver, 
and kidney between the third and fifth hours after 
administration, followed by rapid decline during 
the next 10 hours. The data presented in Figure 
1 are also in good agreement with the concentra- 
tions observed in the body. If a rat is fed a single 
feeding of AAF there occurs a high concentration 


of the diazotizable material in the body during the 
first few hours, followed by a gradual depletion of 
the tissues during the next several hours. 

One analytical value of 156 mg. per cent was ob- 
tained from collecting the urine of rats at the 6- 
hour period. Ninety per cent of this collection 
came from two of the eight rats used. It was not 
included in the data presented in Figure 1, because 
it was not representative of the group. It seems 
worth noting, however, that this high value shows 
that the apparent plateau of the curve of Figure 1, 
occurring between 4 and 6 hours, is not to be 
attributed to a limiting solubility of the urinary 
compound. Bielschowsky, after feeding AAF to 
rats (1), has isolated 2-acetylamino-7-hydroxyflu- 
orene from the urine. Bielschowsky’s metabolite 
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DAYS AFTER LAST DOSE 


Fic. 4.—The rate of urinary excretion of AAF after a 
final dose. 


has a solubility similar to this urinary compound, 
but after previous hydrolysis and diazotization it 
gives a weak color-reaction when R-salt is used as 
the coupling reagent (1). 

Significantly larger amounts of diazotizable 
AAF were recovered in the urine when the same 
total amount was ingested in three equally divided 
weekly feedings than when it was administered in 
six equal feedings. This probably can be ascribed 
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to a higher concentration of the carcinogen occur- 
riig in the body of the rat during the first few 
hours after feeding the larger quantity. More 
diazotizable material apparently spills over into 
the urine under such conditions, because the ani- 
mal is unable either to excrete it through the bile 
or otherwise to convert the larger quantities to a 
nondiazotizable compound. 

This view receives added support from the ex- 
periments on urinary excretion when the amount 
ingested was varied from 16 to 0.25 mg/100 gm 
rat/week, but the number of feedings was identi- 
cal. The amount of AAF recovered from the urine 
was proportional to the dose, even when the 
amount ingested (0.25 mg.) was noncarcinogenic. 

Approximately the same quantity of diazotiza- 
ble compounds was recovered each week for 5 
weekly periods when the intake was kept constant. 
This may indicate a constant rate of conversion of 
the ingested material to other pathways of ex- 
cretion. 

Approximately 30 per cent of a 90-mg. dose was 
excreted in the urine of rats as diazotizable ma- 
terial during a period of 8.5 days following the last 
dose. It is believed that this portion represents the 
carcinogen not converted to other as yet unknown 
complexes. Some could have been eliminated 
through the bile and intestinal tract. If such is the 
case, these complexes are no longer detectable by 
the diazotization method. The results do not dis- 
tinguish between AF and AAF, and both could 


have been present in the urine. 


SUMMARY 


2-Acetylaminofluorene (AAF), in solution in 
coconut oil, was fed by stomach tube to rats, under 
different conditions. The acid-hydrolyzable, diazo- 
tizable material excreted in the urine was esti- 
mated colorimetrically as 2-aminofluorene but cal- 
culated as AAF. 


There was a rapid rise in urinary concentration 


following a final dose which reached a peak be- 
tween 4 and 6 hours. There was a slower decline in 
concentration during the next 14 hours until the 
base level was reached at approximately 20 hours. 
Only a trace of diazotizable material was recovered 
from the urine following the ingestion of 0.25 mg/ 
week/100 gm rat, divided into three equal feed- 
ings. Increasing the dose to 1.0, to 4.0, and to 16.0 
mg/week resulted in a direct increase in urinary 
excretion which reached a maximum of 45 per cent 
on the highest dose. When the 16.0-mg. dose was 
administered in six instead of three weekly feed- 
ings, the amount found in the urine amounted to 
only 28 per cent. 

Rats uniformly excrete in their urine approxi- 
mately a third of the AAF ingested as diazotizable 
compound weekly for several weeks, and approxi- 
mately one-third of a final feeding was recovered 
in the urine during the subsequent 8.5 days. None 
was detected thereafter. 
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Inhibition of Nucleic Acid Synthesis 
by Folic Acid Antagonists” 


Howarp E. Skipper, Pu.D., Jack H. Mircue Jr., Pu.D., 
AND LEONARD L. BENNETT, Jr., Pu.D. 


(From the Organic and Biochemistry Division, Southern Research Institute, Birmingham, Alabama) 


Woolley and Pringle (13) have recently reported 
the formation of 4-amino-5-carboxamidoimidazole 
during growth of Escherichia coli in the presence of 
4-aminopteroylglutamic acid (aminopterin). Some 
of us have observed that excessive doses of folic 
acid speed up the leukemic process in mice and 
that folic acid will reverse the well known anti- 
leukemic action of aminopterin (11). This reversal 
of the anti-leukemic action of folic acid antagonists 
by means of large doses of folic acid had previously 
been reported by Burchenal (4) and Law (7). 

In the face of the above information, the sugges- 
tion that formyl] folic acid might be involved in in- 


FORMATE 
FORMATE 


Fic. 1.—Possible precursors of the purine skeleton (2, 10) 


troduction of a single carbon unit into purines (5) 
and the observation that formate is a precursor of 
the 2-carbon atom of uric acid in pigeons (12), cer- 
tain postulates were made regarding the rate-con- 
trolling function of folic acid in leukemia (11). This 
unoriginal hypothesis, based largely on Gordon’s 
observations (5), suggested that folic acid might 
be involved in the last step of biosynthesis of the 
purine skeleton, that step being the transfer of 
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formate via formyl folic acid to the 2-position of 
the purine skeleton. Thus, if the requirement for 
purines (for formation of cellular nucleoprotein) 
was greater in the more dynamic leukemic cell-, 
forming tissue than in normal cells, then an excess 
of folic acid might be expected to speed up the 
leukemic process, and a deficiency of this vitamin 
(or co-enzyme) caused by a folic acid antagonist 
might preferentially depress malignant mitosis. 
The present series of experiments was designed 
to study the effect of well known folic acid an- 
tagonists, aminopterin and A-methopterin (4- 
amino-N!°-methylpteroylglutamic acid), on the 
incorporation of formate and CQs. into nucleic 
acids and nucleic acid purines of normal mice. 


EXPERIMENTAL 


To ascertain the rate at which formate carbon 
and CQsz are incorporated into the nucleic acids 
and nucleic acid purines (Fig. 1) of normal mice, 
control experiments have been carried out with 
carbon 14-labeled sodium formate and sodium bi- 
carbonate. Groups of four mice each were injected 
with the labeled compounds and immediately 
placed in a metabolism chamber. After a period of 
6 hours, the animals were sacrificed, and the vis- 
cera (liver, spleen, testes, kidneys, washed intes- 
tines, and pancreas) pooled and mixed with an 
equal weight of viscera homogenate from non- 
injected mice. An aliquot of the mixed viscera 
homogenate (from Waring blendor) was saved for 
direct oxidation and activity assay. From the re- 
mainder, the combined nucleic acids and/or the 
desoxyribose nucleic acid (DNA) were isolated 
using the procedure of Plentl and Schoenheimer 
(8) and Brues, Tracy and Cohen (2), respectively. 
Aliquots of the nucleic acids obtained were as- 
sayed for C'* content. The remainder of these sam- 
ples was used for isolation of the nucleic acid purines 
as the silver saltsX These twice-precipitated silver 
purines were also measured for radioactivity. All 
such measurements were carried out by a gas phase 
procedure which has already been described (19). 
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In additional experiments, mice (groupsof 4each) 
have been injected daily with the maximum toler- 
ated dose of aminopterin or A-methopterin for 6 
days; on the seventh day these mice were given an 
LD;) dose of the anti-folic acid compound and 
were then injected with HC“OONa (1.4 ye.) or 
(11.8 ue.), immediately placed in a 
metabolism chamber, and at 6 hours the pooled 
viscera subjected to the isolation procedures men- 
tioned above. The objective of these experiments 
has been, of course, to observe the effect of folic 
acid antagonists on the incorporation of formate 
and CQz into the nucleic acid purines. The results 
obtained are set down in Tables 1 and 2. All values 
have been multiplied by 2 to correct for addition 
of inactive viscera homogenate. 


\ DISCUSSION 


It seems apparent from the data presented in 
Tables 1 and 2 that the multiple injection of nor- 
mal mice with a folic acid antagonist (aminopterin 
or A-methopterin) profoundly decreases the rate 
of synthesis of nucleic acids. The fact that admin- 
istration of aminopterin did not inhibit CQ, fixa- 
tion into the control tissue suggests that the nu- 
cleic acid effect may be a somewhat specific in- 
hibition, at least within the period involved. Car- 
bon dioxide is now considered a member of the 


or nucleic acid purine synthesis was observed. 
This might be considered preliminary evidence 
that multiple injections of the folic acid antago- 
nists are necessary to produce a folic acid de- 
ficiency which, in turn, is responsible for the fail- 
ure in purine synthesis. The folic acid antagonists 
in question reduced the specific activity of the 
viscera of formate-injected mice by only about 
25 per cent, while incorporation of formate carbon 
into nucleic acid purines was reduced almost 15- 


TABLE 1 


THE EFFECT OF AMINOPTERIN ON INCORPORATION OF 
FORMATE INTO NUCLEIC ACIDS AND NUCLEIC ACID 
PURINES (1.4 uC. INJECTED INTO ALL MICE) 


SPECIFIC ACTIVITIES (uC /MOL CARBON) 


ExPERI- Combined Combined 
MENT Viscera nucleic nucleic acid 

NO. TREATMENT homogenate acids purines 

1 Control 8.48 57 .6 138.4 

2 Control 4.42 71.8 176.8 

3 Control 5.14 

4 Control 5.16 

AVERAGE 5.8 64.7 157.6 

5 Aminopterin* 4.32 6.20 10.82 
6  A-methopterinf 4.4 4.7 9.17 


* Mice injected at the level of 0.23 mg/kg on 1, 2, 3, 4, 5, and 7 days and 
at the level of 8.33 mg/kg on the eighth day (immediately before i injection of 
active formate). 


t Mice yo poe at the level of 3 mg/kg on 1, 2, 3, 4, 5, and 7 days and 


at the level of 90 mg/kg on the eighth day (immediately before injection of 
active formate). 


TABLE 2 


THE EFFECT OF AMINOPTERIN ON INCORPORATION OF C4 FROM NAHC#“O; INTO NUCLEIC ACIDS AND 
NUCLEIC ACID PURINES (11.8 uC. INJECTED INTO ALL ANIMALS) 


SPECIFIC ACTIVITIES (uc /MOL CARBON) 


E-xPERI- Combined Combined 
MENT Viscera nucleic nucleic acid DNA purines | 
NO. TREATMENT homogenate acids DNA purines 
7 Control 0.68 1.41 (0.48) 
8 Control 0.77 1.76 (0.44 
9 Control 0.90 1.65 (0.54) 1.95 (0.46) 2.10 (0.44) 
10 Control 0.71 2.32 (0.31) 2.22 (0.32) 
11 Control 0.98 2.50 (0.35) 3.27 (0.3) 
12 Control 0.99 2.63 (0.38) 
AVERAGE 0.87 
13 Aminopterin* 0.88 1.71 (0.52) 1.236 (0.71) 2.20 (0.40) 
14 Aminopterinf 1.32 1.05 (1.26) . 0.54 (2.45) 


* A single injection of 8.33 mg/kg immediately before administration of NaHC"O3. 


NaHC40 


t Injection at the level of 0.23 mg/kg on 1, 2, 3, 4, 5, and 7 days and at the level of 8.33 on the eighth day (immediately before administration of 
Os). 


Note: Tie values in parentheses are the ratios of the specific activities of original viscera homogenate to the various fractions isolated therefrom. 


pool of glycogen precursors and is known to be 
rapidly incorporated into amino acids and fats. 
Thus, over-all tissue CQ, fixation serves as a sensi- 
tive rate index for a number of metabolic proc- 
esses. In Experiment No. 13, where a single injec- 
tion of aminopterin (an LD50 dose) was adminis- 
tered to mice immediately before injection of 
NaHC"Os;, no significant decrease in nucleic acid 


~ 


fold. The decrease in incorporation of CQ, into 
nucleic acid purines following treatment with folic 
acid antagonists is interpreted to indicate that 
CO, is incorporated into a purine precursor which, 
because of the purine inhibition accompanying 
treatment with these compounds, is never com- 
pleted and thus never enters into purine anabo- 
lism. 
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The results obtained by Woolley and Pringle 
showing the build-up of the following compound by 
E. colt when inhibited by aminopterin: 


H.N —C=0 
T 
H 


4-amino-5-carboramidoimidazole 


along with the present observation that aminop- 
terin or A-methopterin-treated mice are greatly in- 
hibited with respect to nucleic acid purine synthe- 
sis (formate utilization) strongly suggests that 
folic acid, possibly acting as formyl folic acid or 
folinic acid is involved in completing the purine 
skeleton. 

The seemingly most logical assumptions which 
might be made at the present time are that folic 
acid or folinic acid attached to an active center 
(protein, see Allfrey and King [1]) is acting as an 
enzyme or co-enzyme in formate transfer. Per- 
haps aminopterin and A-methopterin compete 
for this center and, when given in excess, prevent 
the formation of enough of the folic acid complex 
to allow for purine synthesis. Another possibility 
is that a direct inhibition of the synthesis of pteroyl- 
glutamic acid might be a result of admuinistra- 
tion of folic acid antagonists. 

It has been shown that folic acid given in excess 
will speed up the leukemic process and a deficiency 
of this metabolite will preferentially inhibit leuke- 
mic cell division (11); therefore, since neoplasms 
apparently synthesize nucleic acid more rapidly 
than most host tissue, it would appear that one 
might explain the mechanism of action of folic acid 
antagonists in cancer chemotherapy on a purely 
differential rate basis as suggested by Hitchings 
et al. (6). 

It also seems possible that the mechanism dis- 
cussed above may be involved in the well known 
hematopoietic response observed in certain types 
of anemia following folic acid therapy. 


SUMMARY 


Aminopterin and A-methopterin, well known 
folic acid antagonists, have been shown to inhibit 


the incorporation of C'4 from formate into nucleic 
acids and nucleic acid purines. Under the condi- 
tions of these experiments, incorporation of CO, 
into purines was partially blocked, but no decrease 
was observed in tissue COsfixation. The relationship 
of these observations to the mechanism of action of 
folic acid in purine synthesis and the anti-leukemic 
mechanism of “folic acid inhibitors” is discussed. 
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Relative Susceptibility of Various Organs 
to Iumor Transplantation” 


Rosert P. de Lonc, M.D., anpb DALE Rex Coman, M.D. 


(From the Department of Pathology, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania) 


Metastasis of neoplasms is a complex process 
involving several steps. First, is the separation of 
cells from the main tumor; then follow invasion of 
a vessel, transport, arrest, penetration of the ves- 
sel wall, and, finally, establishment and growth in 
the new site with new stroma and vascular supply. 
Some aspects of this process have been discussed in 
recent papers from this laboratory: (a) the condi- 
tions governing the release of tumor emboli from 
the primary tumor (13) and (b) the distribution of 
tumors in various organs after tumor emboli have 
been artificially introduced into blood 
stream (2). 

The present investigation is concerned with a 
third aspect of metastasis, the comparative ability 
of various organs to support tumor growth—that 
is, to supply tumor cells with stroma, adequate 
blood supply, and a generally suitable environ- 
ment. This problem may appropriately be studied 
by implanting fragments of tumor in various or- 
gans and observing incidence of “takes” and rate 
of growth. If the tumors fail to grow in a particular 
organ, or grow better in some organs than others, 
the ability of a given organ to support tumor 
growth might be regarded as an important factor 
in determining the distribution of metastases. If, 
however, it should be found that implanted tumor 
fragments grow equally well in all organs, then the 
distribution of metastases would likely depend on 
other factors. 

There are reports in the literature of the growth 
of tumor implants in the spleen (1), liver (8), 
muscle (3), kidney (7), adrenal (4), and several 
other organs, but none allows a comparison of the 
growth in different organs of the same animal. 

To obtain a generally valid answer to the ques- 
tion of relative organ susceptibility, several tumors 
and several species of animals were used: A mouse 
sarcoma, a rat carcinoma, and two rabbit car- 
cinomas were implanted in appropriate hosts. 


* This investigation was supported by a research grant from 
the Division of Research Grants and Fellowships of the Na- 
tional Institutes of Health, Public Health Service. 
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MATERIALS AND METHODS 


Tumor fragments of approximately equal size, 
2 mm. in diameter, were inserted through a knife- 
slit into the organs indicated in the accompanying 
table. Fibrosarcoma 241 was implanted into C57 
mice; Walker rat carcinoma 256 into Long-Evans 
hooded rats; V2 squamous-cell carcinoma into 
male mixed breed rabbits; and Brown-Pearce car- 
cinoma into male mixed breed rabbits. 

To ascertain if the presence of a pre-existing 
tumor alters organ susceptibility, a fragment of 
Walker 256 tumor was inoculated subcutaneously 


TABLE 1 
FIBROSARCOMA 241 IN 21 C57 MICE* 
Organ No. of “‘takes’’ Average tumor weight 

(gm.) 
Muscle 19 0.637 
Kidney 7 0.637 
Liver 21 0.593 
Spleen 21 0.575 


*Time of sacrifice: 8th-14th day, 11th day average. 

There is no significant difference in size between the tumors 
in the above organs. For example, when muscle and splenic 
tumors are compared, the difference and its standard error are 
0.062 + 0.498, and P = 0.9. This means that an equal or lesser 
difference would occur by chance 90 times out of 100 and is 
not statistically significant. 


t Only seven mice had tumors implanted into kidney. 


into the flank of Long-Evans hooded rats. One 
week later, the tumors were implanted, as in the 
previous series. After suitable intervals the ani- 
mals in all series were sacrificed, and the individual 
tumors inoculated into the organs were weighed. 
The weights of the tumors in the several organs 
were then compared. | 


RESULTS 


The mouse sarcoma was implanted into muscle, 
kidney, liver, and spleen, and, as shown in Table 1, 
grew equally well in all these organs, the average 
weights of the tumor being close to 0.6 gm. 

A similar result was obtained with Walker car- 
cinoma 256 in hooded rats, implanted into muscle, 
kidney, liver, and spleen; there was no significant 
difference in tumor growth in these organs (‘Table 
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2), the average weights of the tumors being ap- 
proximately 1 gm. 

However, when this carcinoma was implanted 
into rats already bearing a subcutaneous tumor, the 
growths in muscle were larger than in liver and 
kidney (Table 3). It is unlikely that this difference 
is of much significance, as it can probably be ex- 


TABLE 2 
WALKER 256 CARCINOMA IN 17 HOODED RATs* 


Organ No. of “‘takes’’ Average tumor weight 
(gm.) 
Muscle 17 1.18 
Kidney 17 1.14 
Liver 17 1.09 
Spleen 17 0.85 


* Time of sacrifice: 12th day. 

There is no significant difference in size between the tumors 
in the above organs. For example, when muscle and splenic 
tumors are compared, the difference and its standard error are 
0.338 + 0.19, and P = 0.10. 


TABLE 3 


WALKER 256 CARCINOMA IN 27 HOODED RATS 
BEARING SUBCUTANEOUS TUMORS* 


Organ No. of “‘takes’” Average tumor weight 
(gm.) 
Muscle 25 1.69 
Spleen 1.21 
Kidney 25 1.05 
Liver 27 0.95 


* Time of sacrifice: 4th-15th day, 12th day average. 

The tumors in muscle are significantly larger than those in 
liver (difference and its standard error 0.74 + 0.31 and P = 
0.03) and kidney (difference and its standard error 0.64 + 0.30, 
and P = 0.04). A possible explanation of these differences 
is found in the text. There are no other significant differences. 


TABLE 4 
V2. CARCINOMA IN 27 RABBITS* 
Organ No. of “‘takes’* Average tumor weight 

(gm.) 
Spleen Q7 12.03 
Muscle 24 4.64 
Adrenal 27 4.23 
Kidney 23 4.00 
Liver 22 1.51 


* Time of sacrifice: 9th-36th day, 21st day average. 

Splenic tumors are significantly ‘larger than all others, e.g., 
compared with muscle, the difference and its standard error 
are 7.39 + 2.70, and P < 0.01. Also, liver tumors are smaller 
than those in muscle (difference and its standard error 3.13 + 
1.29, and P = 0.03). The values presented above include 
necrotic material. The results are unchanged when only viable 
tumor is considered. 


plained by a fortuitous blood supply of the tumors 
in muscle; many of the implanted tumors were lo- 
cated near the surface of the muscle from which 
they invaded the subcutaneous tissue and so 
secured an additional set of blood vessels. 

Different and surprising results were obtained 
with the rabbit tumors. The V2 carcinoma grew 
much better in the spleen than in muscle, adrenal, 
kidney, and liver (Table 4), averaging 12 gm. in 
weight, as compared with the next greatest weight, 
4.6 gm. 


It was this predominance of growth cf V». car- 
cinoma in the spleen that led to the use of a second 
kind of rabbit tumor, the Brown-Pearce carci- 
noma, to find whether the massive growth of the 
splenic tumors depended on some peculiarity of 
V. carcinoma or whether another tumor would 
also grow better in the spleen than in other crgans. 
By implanting Brown-Pearce carcinoma in the 
same set of organs, it was found that growths in 
the spleen were definitely larger than those in kid- 
ney and muscle (Table 5). 


TABLE 5 
BROWN-PEARCE CARCINOMA IN 26 RABBITS* 


Organ No. of ‘‘takes’’ Average tumor weight 
(gim.) 
Spleen 25 10.07 
Adrenal 26 5.27 
Liver 24 3.78 
Kidney 25 3.11 
Muscle 25 3.09 


* Time of sacrifice: 10th—21st day, 15th day average. 

Splenic tumors are significantly larger than those in kidne y 
(difference and its standard error 6.96 + 3.44, and P = 0. 037) 
and in muscle. Muscle tumors are significantly smaller than 
those in adrenal (difference and its standard error 2.18 + 0.84, 
and P = 0.035) and spleen. There are no other significant 
differences. The results are not altered when only viable tumor 
is considered. 


Thus, in mice and rats no difference was found 
in the ability of the various organs tested to sup- 
port growth of implanted tumor fragments. In rab- 
bits, however, a distinct difference came to light— 
growth being greatest in the spleen with the V, 
carcinoma; with the Brown-Pearce carcinoma a 
similar, though less definite, result was obtained. 


DISCUSSION 


These experiments show that implants of four 
kinds of animal tumors are able to evoke a new 
blood supply and stroma and grow almost equally 
well in each of the organs tested. The only excep- 
tion noted was the rabbit spleen, which seemed to 
support tumor growth better than most other or- 
gans. This is surprising, since spleen (and muscle) 
have been thought to represent poor “‘soil”’ (9) for 
the growth of metastases—secondary tumors in 
these organs supposedly occurring rarely. How- 
ever, Warren and Davis (11), reviewing the inci- 
dence of secondary tumors of the spleen in man, 
found that in widespread dissemination of metas- 
tases the spleen was involved about as frequently 
as any other organ. They inferred that the spleen 
has no anti-neoplastic qualities, as had often been 
suggested, and that the apparent rarity of second- 
ary growths in that organ probably is due to the 
failure of sufficient numbers of tumor emboli to 
reach it. Saphir and Parker (10), Herbut and 
Gabriel (5), and Harman and Dacorso (6) present 
similar evidence. The experimental evidence in 


; 
BAY 
t 
> 
Me 
Py 
‘ 
es 
: 
| 
a 
4 
an 
Sn) 
are, 
i 
: 
P 
: 
"ar 
2 
a 


Dr Lone ann Coman—Organ Susceptibility to Tumor Transplantation 


animal tumors has been reviewed by Woglom (12) 
and also supports this view. 

The results of the present experiments and the 
fact that almost all organs, including spleen and 
muscle, offer little resistance to the direct exten- 
sion of cancer, suggest that scarcity of metastases 
in certain organs is unlikely to be due to inability 
of such organs to support tumor growth or to pro- 
vide it with stroma and an adequate blood supply. 
Rather, the explanation for scarcity of metastases 
in these organs should be looked for either in 
(a) failure of tumor emboli to reach the organs, 
(b) failure of tumor cells to be arrested, or 
(c) inability of tumor cells to escape from vessels. 


SUMMARY 


‘Tumor fragments were transplanted into sever- 
al organs (kidney, liver, adrenal, spleen, and 
muscle) of three different species to ascertain 
whether some organs support tumor growth bet- 
ter than others. Fibrosarcoma 241 was implanted 
into C57 mice, Walker rat carcinoma 256 into Long- 
Evans hooded rats, V2 carcinoma and the Brown- 
Pearce tumor into rabbits. Animals were sacrificed 
at appropriate times and their tumors removed and 
weighed. The tumors grew in all organs tested. 
In the mice and rats no differences were found 
among the weights of tumors in the various or- 
gans. In rabbits the tumors of the spleen were gen- 
erally larger than those of other organs. 

One step in the process of metastasis of tumors 
is acquisition by the tumor of a vascular stroma 
and subsequent growth in the new site. This aspect 
of metastasis may appropriately be studied by the 
method of transplantation used in the present ex- 
periments. Application of these results to the 


O15 


problem of metastatic tumor growth suggests that 
scarcity of metastases in certain organs depends 
on factors other than inability of such organs to 
support the growth of the tumor. 
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Titration of the Milk Agent Virus in Milk and 
Lactating Mammary Gland Cells” 


Rosert A. Husesy, M.D., Pu.D., Cyrus P. Barnum, Pu.D., 


AND JOHN J. Bittner, Pu.D. 


(From the Division of Cancer Biology of the Department of Physiology and the Department of Physiological 
Chemistry, University of Minnesota Medical School, Minneapolis 14, Minnesota) 


The milk agent virus involved in mammary car- 
cinogenesis in mice has been demonstrated to be 
present in high concentrations in both the lactat- 
ing mammae and mammary carcinomas of infected 
mice. The injection of as little as 10~-° to 10-° gm. 
equivalents of lactating breast tissue has been suf- 
ficient to infect suitable test animals,! as judged by 
their subsequent development of mammary cancer 
(1, 4). Although data from previous experiments 
would suggest that this virus multiplies rather rap- 
idly during the growth of mammary cancer 
through successive transplants (3), the present 
study was undertaken in an attempt to obtain 
data concerning the rate of duplication of the virus 
during the period of lactation. Observations in this 
laboratory indicate that during mid-lactation the 
mammae of mice produce about twice their own 
weight in milk each day. Such an outpouring of 
fluid containing a high concentration of virus 
would soon lead to a great reduction of virus in the 
gland tissue, unless viral duplication was proceed- 
ing at a rather rapid rate. If it were found, there- 
fore, that the concentration of the virus remained 
high in the gland during lactation and yet was es- 
sentially as high in the milk as in the glandular 
tissue, it would seem to be evidence indicative of a 
rapid multiplication of the virus during lactation. 

In the course of such an experiment, data as to 
the relative merits of milk and lactating breast 
tissue as source materials for the purification of the 
virus would also be obtained. 


* Assisted by grants from the Minnesota Division of the 
American Cancer Society, the American Cancer Society upon 
recommendation of the Committee on Growth of the National 
Research Council, and the Graduate School of the University 
of Minnesota. 


1 Since three major factors are necessary for the develop- 
ment of mammary cancer in mice, such animals must be geneti- 
cally susceptible to the development of breast cancer and have 
a proper hormonal constitution but lack the milk agent. 


Received for publication May 26, 1950. 


MATERIALS AND METHODS 


Since the original titration experiments reported 
by Barnum e¢ al. (1), several other experiments 
have been carried out in this laboratory, the re- 
sults of which clearly show that the concentration 
of milk agent in the glands of different lactating 
females, even when they are from the same inbred 
stock, may vary widely when tested under uni- 
form conditions. The end-point of such titration 
series (the greatest dilution at which approxi- 
mately 50 per cent of the test animals develop 
breast cancer) has varied from 10-4 to 10-* gm. 
equivalents. It is evident, therefore, that for this 
type of an experiment the milk and the glandular 
tissue must be obtained from the same donor ani- 
mals. 

The mammae of two strain A female mice after 
15 days of nursing their third litters were used for 
source material. The young were removed from the 
pens the evening before the females were sacri- 
ficed. It has been observed repeatedly that the 
overnight accumulation of milk more than doubles 
the weight of the mammae, indicating that during 
mid-lactation these glands produce approximately 
twice their own weight of milk each 24 hours. 

The donor mice were killed by ether anesthesia 
and their mammae dissected free of the skin and 
subcutaneous musculature. The glands were col- 
lected in a beaker in an ice-water bath, forced 
through a chilled tissue press having 1-mm. open- 
ings, and collected on a chilled watch glass. 
Throughout the entire fractionation procedure 
which followed great care was taken to maintain 
the solutions at a temperature approaching 4° C. 
The milk was drained from the gland pulp and, 
after dilution with 3 volumes of alkalinized saline,’ 
was centrifuged at 2,000 X g for 30 minutes to in- 
sure removal of any glandular cells that might 
have been included during decantation. A pellet of 


21 cc. of 0.1 Nn NaOH per 500 cc. 0.85 per cent NaCl. 


516 


4 
is 
4 
= 
He: 
| 
= 
‘ 
‘ 
< 
= 4 
* 


Husepsy et al.— Milk Agent in Milk and Gland Cells 517 


—— 


subinicroscopic particles was then obtained by a 
90-:ninute centrifugation at 23,000 X g. 

‘The gland pulp was washed twice with alka- 
linized saline to remove the major portion of the 
contaminating milk, and was then ground in a cold 
mortar, without the addition of abrasive, to break 
the cellular membranes of the gland cells, while 
leaving the nuclei intact. Four volumes of alka- 
linized saline were then added, and the connective 
tissue remnants, uncrushed gland cells, and the 
freed nuclei were removed from the suspension by 
a 4-minute centrifugation at 1,500 * g. This ex- 
tract of the mammary gland cell cytoplasm was 
then spun 30 minutes at 2,000  g to remove the 
large granule fraction containing the mitochondria 
after which the microsome pellet was obtained by 
a 90-minute centrifugation at 23,000 X g. As a 
washing procedure, the microsome pellets obtained 
from both the gland cell cytoplasm and from the 
milk were resuspended in alkalinized saline and 
resedimented at 23,000 < g for 90 minutes. 

The materials injected into test animals were 
the washed microsome fraction from the gland 
cell cytoplasm and the whole milk, after the 
2,000 X g clearing run. Dilutions were prepared 
in M/60 phosphate buffer at pH 7.0—7.1, and each 
test animal received 0.5 cc. of solution injected in- 
traperitoneally. The time elapsing from the sacri- 
fice of the donor animals to the injection of the 
test animals was 7-8 hours. 

The test animals employed were young ZBC 
female mice lacking the milk agent produced in the 
following manner: 


Ax 9 (A strain lacking agent) X Zb (Z or C3H 
| lacking agent) 


AxZbF1 2 X Zb 2 
ZBC 


All animals were 23-26 days of age at the time of 
injection, and litter mates were so distributed that 
no group of mice receiving the same injection con- 
tained more than one animal from any given 
mother. The 29 AxZbF1 females used to produce 
these test animals were observed until their death 
(average age at death was 21.1 months), and none 
developed breast cancer, attesting to their freedom 
from the milk agent. 

After injection, the test animals were bred to 
Zb males for approximately 6 months. All the 
young were killed shortly after birth, so that the 
average number of litters per test animal was 4.4. 
All animals developing subcutaneous masses were 
autopsied, and only those on which a positive his- 


tological diagnosis of mammary cancer was made 
were recorded as having developed mammary 


cancer. 
RESULTS 


The development of mammary tumors in the 
test animals is recorded in Table 1. It would ap- 
pear from these data that the milk agent virus was 
present in approximately the same concentration 
in the milk as in the secreting gland cells. Actually, 
a somewhat greater per cent of the animals receiv- 
ing the injection of 10-* gm. equivalents? of cleared 
milk developed breast cancer, but the number of 
mice in each group was, of necessity, small. Fur- 
thermore, it should be remembered that the mi- 
crosome pellet from the gland tissue had been sedi- 
mented and manually resuspended twice prior to 
the preparation of the dilute solutions for injec- 


TABLE 1 


DEVELOPMENT OF TUMORS IN TEST ANIMALS RECEIVING 
INTRAPERITONEAL INJECTION OF LACTATING MAM- 
MARY GLAND PREPARATIONS 


Gram No. mice/no. Av. tumor 
equiv. in- developing Per cent age 
Fraction jected tumors Ca (days) 

15/13 86.7 388 

Tissue 10-6 14/6 42.8 403 
Microsomes 107 14/4 28 .6 421 
10-4 15/11 73 .4 349 

10-5 15/10 66.7 395 

Milk 10-* 12/11 91.7 404 
107? 10/2 20.0 579 

15/11 73 349 

10-5 30/23 76.6 391 

Combined data 10-6 26/17 65.4 404 
1077 24/6 25.0 469 


tion, making a completely even dispersion of infec- 
tive particles very unlikely. Since the end-point 
appears to be the same for the two starting mate- 
rials, combining the data to increase the number 
of animals in each dilution group seems justified. 
When this is done, much of the variation disap- 
pears, and the end-point of the titration becomes 
rather sharper. Whereas a constant per cent of the 
animals receiving the three lower dilutions devel- 
oped cancer, there was a sharp decline in the inci- 
dence of tumors in the group injected with 10~ 
gm. equivalents of material. . 

Chemical studies of several of the fractions were 
carried out, and some of these analyses are given 
in Table 2. The isolation and chemical fractiona- 
tion of the mammary gland microsomes in a num- 
ber of experiments has yielded reproducible re- 


3 Throughout this paper the dilutions are expressed in terms 
of the original starting material. Thus 1 gram equivalent of 
gland microsomes is the amount of microsomes prepared from 
1 gm. of milk-free breast tissue. 
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sults, and the figures obtained in this experiment 
are representative. Considerable variation has 
been encountered in working with mouse milk, 
particularly in the chemical fractionation, accord- 
ing to the Schneider procedure (7). In this particu- 
lar experiment the milk “microsomes” contained 
only 0.386 mg. of trichloroacetic acid-precipitable 
nitrogen per gram of cleared milk. Other experi- 
ments indicate, however, that milk particles with 
the general sedimenting characteristics of ‘‘mi- 
crosomes”’ and “large granules” possess consider- 
ably more acid-soluble than acid-precipitable ni- 
trogen. The amount of this soluble nitrogen left in 
solution seems to depend to some extent, however, 
upon the relative amount of acid-precipitable ni- 
trogen present in the starting material. 


TABLE 2 


CHEMICAL ANALYSES OF FRACTIONS PREPARED 
FROM LACTATING MAMMARY GLANDS 


Total N Lipid P PNA-P 

Fraction (mg /gm*) (mg /gm) (mg /gm) 
Tissue microsomes 2.32 0.231 0. 247 

Cleared milk 11.79 0.086 0.0675 


* The designation mg/gm refers to the milligram of a given constituent 
found in the fraction isolated from 1 gm. wet weight of tissue. 


An intensive study was undertaken employing 
the electron microscope in an attempt to visualize 
a characteristic particulate body in microsomal 
preparations from mammary tissue containing the 
agent which was not present in similar prepara- 
tions from uninfected mammae. During the course 
of this study the publication of Porter and Thomp- 
son (6) appeared, describing a characteristic par- 
ticle in epithelial cells of mouse mammary car- 
cinomas grown in tissue culture. Particular atten- 
tion was therefore directed toward a search for par- 
ticles that might correspond to those illustrated 
by these investigators. 

Throughout these studies the resuspended mi- 
crosomes were diluted in M/60 phosphate buffer at 
pH 6 8—7.4, formvar-coated screens were floated 
on small drops of the preparations, and these drops 
were then exposed to osmium tetroxide vapor for 
approximately 30 minutes. The preparations were 
freed from salt by floating them on distilled water, 
after which they were blotted and dried over phos- 
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phorus pentoxide. The preparations were exam- 
ined either directly, depending upon the staining 
properties of the osmium to produce sufficient con- 
trast, or they were shadowed lightly with heavy 
metals, as described originally by Williams and 
Wyckoff 

The microsomes from gland tissue and from 
milk differed greatly in morphology, as can be seen 
in Figures 1 and 2. Although many preparations 
from this and other experiments were studied, no 
morphologically distinct particle could be identi- 
fied in preparations from infected mice that was 
absent from uninfected animals. Occasionally, par- 
ticles of approximately the size and general shape 
and density of those described by Porter and 
Thompson were encountered in these preparations, 
but they seemed to occur as frequently in glands 
lacking the agent as in those possessing it (Fig. 2). 
Also, the bizonal appearance described by Porter 
and ‘Thompson was not noted in these rather infre- 
quently occurring particles. 

The failure to identify a characteristic particle 
in the microsomal fraction from the mammiae of in- 
fected mice should in no wise be construed as evi- 
dence indicating that the particles encountered in 
the cultured mammary carcinoma cells do not rep- 
resent the milk agent virus. Rather, 1t would seem 
to indicate that the centrifugally prepared frac- 
tions of the mammary glands that we have exam- 
ined contain relatively so few virus particles that 
they are overlooked among the mass of normal 
tissue microsomes. Using the electron microscope 
as a tool to help us follow visually the purification 
of the milk agent virus from such very impure 
preparations does not seem, therefore, to be fea- 


sible. 
DISCUSSION 


Since in mid-lactation the mammae of mice pro- 
duce at least twice their own weight of milk each 
day, the finding of the milk agent virus in concen- 
trations in the milk equal to that in the mammary 
gland cells suggests that the virus is multiplying 
rather rapidly during this period. A more extensive 
and conclusive investigation of this particular 


4 The authors wish to acknowledge the technical assistance 
of Dr. J. F. Marvin during this portion of the investigation. 


Fic. 1.—An electron micrograph of the “‘microsome’’ 
fraction obtained from the milk used for injection in the 
titration experiment reported here. The discrete spheroid 
particles range in size from 250 mu down to 50 my or less.* 


Fic. 2.—An electron micrograph of the microsomes from 
a lactating mouse mammary gland that lacks the milk 
agent. In such microsomal preparations, be they from in- 
fected or noninfected glands, the majority of the particles 


appear flattened, very probably as a result of the method 
of preparation. The few spheroid particles seen here are 
in the size range of the “characteristic particle” described 
by Porter and Thompson but lack the bizonal character 
described by them. 


* These electron micrographs were taken by Dr. Keith Porter of 
the Rockefeller Institute for Medical Research, to whom the authors 
wish to express their sincere thanks. The shadow-casting was done with 
chromium at an angle of 12°. 
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phase of the problem is complicated by the great 
variation in viral content of lactating mammae of 
different mice of the same inbred strain, as indi- 
cated by several titration experiments carried out 
in this laboratory under as nearly comparable con- 
ditions as possible. However, the data recorded 
here would seem to encourage the use of those 
technics of viral investigation, such as the cultiva- 
tion of the virus in embryonated eggs, that depend 
upon a rapid duplication of the virus. 

These results also indicate that, as far as viral 
content is concerned, milk is as good a source ma- 
terial as is the gland tissue itself. It is, therefore, of 
some interest to compare the relative infectivity of 
the impure preparations employed in this study 
with that reported by Graff e¢ al. (5) for a purified 
material prepared from milk. These authors have 
as yet reported no serial titration studies, but they 
do indicate that 46 per cent of a group of test ani- 
mals developed mammary cancer when injected 
with a suspension of purified material containing 
10 y of nitrogen. They further state, ““We have ob- 
tained carcinomas after the injection of as little as 
8 my of nitrogen.” In this study the animals in- 
jected with 10-* gm. equivalents of mammary 
gland microsomes received but 2.32 my of nitro- 
gen, and yet 43 per cent of the animals developed 
tumors and some tumors appeared in the animals 
receiving one-tenth this amount. The minute 
amounts of pentose nucleic acid contained in each 
injection at the end-point of the titration is also of 
some interest. Whereas 10—* gm. equivalents of tis- 
sue microsomes contain 0.247 my of PNA phos- 
phorus, previous experiments have shown that 
more than 95 per cent of this microsomal PNA can 
be eluted without destroying infectivity (2). 

It should be emphasized that microsomal prepa- 
rations such as this are probably composed for the 
most part of normal cell constituents with only a 
small component of virus, as indicated by the 
similarity of chemical composition of microsomes 
prepared from infected and noninfected mammae.® 
Our inability to find a characteristic particle in the 
microsomal fraction prepared from lactating mam- 
mae containing the milk agent also suggests a 


5C. P. Barnum and R. A. Huseby, unpublished data. 


great impurity of these preparations as far as viral 
content is concerned. 


SUMMARY 


In this titration experiment, the concentration 
of the milk agent virus was found to be as great in 
the milk as in the mammary gland cells producing 
that milk. This has been interpreted as indicating 
a rather rapid duplication of the virus during lacta- 
tion. 

Some chemical analyses are given which indi- 
cate that at the dilution considered to be the 50 
per cent end-point of the titration each animal re- 
ceived 2.32 my of microsomal nitrogen and 
0.247 my of PNA phosphorus. The probability 
that the microsomal fraction is very impure, as far 
as the milk agent virus is concerned, 1s emphasized. 

An investigation employing the electron micro- 
scope failed to reveal a characteristic particle in 
these impure preparations. 
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Book Reviews 


Biological Actions of Sex Hormones. By Haroxup Bur- 
rows. London and New York: Cambridge Univer- 
sity Press, 1949. Pp. 615. $8.50. 


This second edition of Biological Actions of Sex Hor- 
mones has been entirely revised and reset. This has 
made possible the inclusion and co-ordination of perti- 
nent information reported in the literature since 1945, 
when the first edition was published. The organization 
of the subject matter for purposes of presentation is es- 
sentially the same as that of the first edition. This or- 
ganization is logical and quite satisfactory. 

This book of 23 chapters is divided into the following 
six main parts: (1) Gonadotrophins of the pituitary and 
placenta. This part is concerned with the nature and 
functions of gonadotrophins and gonad-pituitary inter- 
relationships. (2) Gonadal hormones. This is essentially 


‘a general review in which biological tests, chemical 


structure, sources, functions, excretion, factors influenc- 
ing the action of gonadal hormones, antagonisms, tissue 
growth in reference to cancer, and other effects such as 
their anesthetic properties are dissussed. (3) Androgens. 
Gradients and variation of androgenic action, androgen 
action on the reproductive organs before and after their 
complete differentiation, and their action on accessory 
reproductive organs and other tissues are reviewed. (4) 
Estrogens. The action of estrogen on embryonic and 
differentiated gonads, the anterior pituitary gland, ac- 
cessory genital organs, the mammary gland, and the in- 
fluence of estrogen on the development of mammary 
cancer and on general growth processes are reviewed in 
considerable detail. (5) Progestins. This part is con- 
cerned with the development and maintenance of cor- 
pora lutea, the action of progestin on the pituitary, 
vagina, uterus, and mammary gland, and with the 
co-operation and antagonism between progestin and 
estrogen. (6) Sex hormones of the adrenal cortex. Basic 
information on adrenal-gonad-pituitary interrelation- 
ships is discussed in this section. 

The international units of gonadotrophins and sex 
hormones are given in the appendix. In addition, a list 
of the names, synonyms, and sources of various com- 
mercial hormone preparations, some of which are now 


obsolete, is given as an aid to understanding the past 
and present literature. There is a 35-page list of refer- 
ences arranged alphabetically under the names of the 
authors. Approximately 75 per cent of these references 
were published prior to 1940. If one should desire more 
detail than is given in the text, the bibliography will be 
found an adequate guide to additional information. An 
excellent 19-page index is given in the back of the book. 
There are 140 entries under estrogens; this gives some 
indication of the completeness of the index. The book is 
well printed on a good grade of paper. 

This new edition of the Biological Actions of the Sex 
Hormones is a well-organized, clearly written, readable, 
and comprehensive review. It is chiefly concerned with 
the results of experimental work done on the verte- 
brates, particularly mammals. These results, which are 
enormous in quantity, are co-ordinated and clearly pre- 
sented so as to give a concise but broad and rather de- 
tailed view of the basic information on sex hormones. 
Little consideration is given to unproved theories and 
postulations. The introductions at the beginning of sev- 
eral of the main sections give a historical perspective 
and serve to orient the reader. Another feature which 
will aid the reader is the 240 small tables summarizing 
many of the experimental results referred to in the text. 
There are certain omissions in the discussion of topics 
such as antigonadotrophins and the augmentation of 
gonadotrophins, but these are not of sufficient signifi- 
cance to detract materially from this monumental re- 
view. 

It is the opinion of the reviewer that this book is in- 
dispensable as a reference for biology students who are 
interested in endrocrinology and also for professional 
endocrinologists. Although it is concerned chiefly with 
the results of experimental work, much of the informa- 
tion will be of value to the clinical endocrinologist. In 
addition, there is considerable material, such as that on 
the role of estrogens in mammary cancer, that will be of 
interest and value to those people who are working on 
growth and on cancer. 


W. H. McSuHan 


Department of Zoology 
University of Wisconsin 
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Announcements 


1 


OAK RIDGE INSTITUTE OF 
NUCLEAR STUDIES 


The Special Training Division of the Oak Ridge In- 
stitute of Nuclear Studies will conduct a 2-week course 
in instrumentation for radioisotope work from Septem- 
ber 5 to 15, 1950. Emphasis will be on fundamental in- 
strumentation for applied nuclear science problems. 

The course will be open to chemical instrument spe- 
cialists, electrical engineers, physicists, or others spe- 
cializing in instrumentation. A knowledge of nuclear 
radiation properties and experience in electronic instru- 
ment design are prerequisites for attendance at the 
course, which will be limited to 40 participants. 

One day each week will be spent on such subjects as 
proportional counters, construction practices, fast cir- 
cuits, electrometers, scintillation counters, etc. Morning 
sessions will be devoted to a formal discussion of spe- 
cific topics by a specialist in each field, with the after- 
noon sessions given over to informal discussions and 
group participation. 

The courses will be conducted in the Institute's 
Training Building within the city of Oak Ridge. Se- 
curity clearance is not required for access to this area. 


The building contains excellent laboratories for radioiso- 
tope training, a counting room, a well-stocked technical 
library and associated facilities for the conduction of 
courses of this nature. Specialists in various fields of 
instrumentation will supplement the Special Training 
Division staff in the conduction of the course. 

A registration fee of $25, payable on arrival at Oak 
Ridge, is charged for the course. Participants will be 
expected to pay their own living and traveling expenses, 

Additional information and application blanks may 
be obtained from Dr. Ralph T. Overman, Chairman, 
Special Training Division, Oak Ridge Institute of 
Nuclear Studies, P.O. Box 117, Oak Ridge, Tennessee. 


NEW JOURNAL 


The publication of a new German journal, Archiv fiir 
Geschwulstforschung, is announced by the publisher, 
Verlag Theodor Steinkopff, Loschwitzer Str. 32, Dres- 
den-A53. The journal is edited by Dr. W. Friedrich 
(Berlin-Buch) and Dr. R. Schréder (Leipzig) and is 
devoted to papers on research, treatment, and statisti- 
cal and organizational problems in oncology. Volume 1, 
1949, comprises about 400 pages. 
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